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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
BurEAU OF PLANT INDUSTRY, 
OFFICE OF THE CHIEF, 
Washington, D. C., March 25, 1911. 


Srr: I have the honor to transmit herewith a technical paper enti- 
tled ‘‘The Rusts of Grainsin the United States,’ by E. M. Freeman, 
Collaborator, and Edward C. Johnson, Pathologist in Charge of 
Cereal Disease Work. This paper embodies the results of recent 
research by the Office of Grain Investigations in cooperation with the 
Minnesota Agricultural Experiment Station into the distribution, 
relationships, physiology, and life history of the important grain 
rusts, and gives much new information on the ‘‘biologic forms” of 
rusts, vitality of successive uredo generations, wintering of the 
uredo generation, and climatology in relation to rust epidemics. 
Former experiments on rust prevention are summarized and methods 
of selection and breeding of grains for rust resistance indicated. 

The grain rusts continue to be of large economic importance, and 
as this paper is another step advancing our knowledge concerning 
them I recommend that it be published as Bulletin No. 216 of the 
series of this Bureau. 


Respectfully, Wm. A. TaYLor, 
Acting Chief of Bureau. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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B. P I.—665. 


THE RUSTS OF GRAINS IN THE UNITED STATES. 


INTRODUCTION. 


That rusts are among the most serious diseases of grains in the 
United States is generally granted. As they are always present 
in humid grain-growing districts to a greater or less extent, it is 
almost impossible to make accurate estimates of the damage caused 
by them. Estimates are, perhaps, more often too low than too 
high, so that the losses of fifteen to twenty million dollars annually, 
estimated by Bolley (28,1 p. 615) for the United States, certainly 
seem within reason. Numerous references to losses from rust epi- 
demics in different countries may be found. 

The most severe epidemic in the last decade occurred in the 
United States in 1904. It was particularly prevalent in the spring- 
wheat belt of the northern Mississippi Valley, where the three States, 
Minnesota, South Dakota, and North Dakota, in which the bulk 
of the hard spring wheat of the United States is raised, suffered per- 
haps more than any other section of the country. Table I shows a 
comparison of the wheat crop in these three States for the years 1903, 
1904, and 1905, affording a basis for an estimate of the losses sus- 
tained in this epidemic. - | 


TaBLeE |.—Wheat crop in Minnesota, South Dakota, and North Dakota in 1903, 1904, 


and 1905.* 
aad ee gam ari Glow : 
Year. | Acreage. | per acre. Total yield. 
= | Bushels. Bushels. 
LDS ees ee se ag ee Se a 13, 167,110 13.15 | 173,146,171 
SE EAE Rene a et a mete a ig Ek Bee SE pres ee ee 13, 193, 695 | 11. 65 153, 793, 233 


POU Res ae Ee Se nse See RS ee Ee as ees 14, 069, 251 | 13. 66 | 192, 190, 759 


* Compiled from U. S. Crop Report. 


Average yield per acre for 1903 and 1905=13.4 bushels; for 1904=11.65 bushels. 
Reduction in yield per acre in 1904 below the average for 1903 and 1905=1.75 bushels. 
Total reduction in yield in 1904=13,193,695 (acres) X1.75=23,088,966 (bushels). 
Average price for the three States for 1903 and 1905=66.8 cents. Reduction in value 
in 1904 below the average for 1903 and 1905=23,088,966 66.8 cents=$15,423,429 28. 


1 The serial numbers in parentheses throughout this bulletin refer to the titles in the “‘ Bibliography” on _ 
pages 79-82. 
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An average reduction in yield of 1.75 bushels per acre in 1904 
as compared with the preceding and following years gives a total 
reduction of over 23,000,000 bushels, valued at more than $15,000,000.! 
The greater part of this reduction in yield and consequent loss 
was undoubtedly due to rust. It is exceedingly conservative to 
put the loss in these three States in 1904 as high as $10,000,000; 
and when we consider the additional losses in the other wheat-growing 
districts of the United States the aggregate is enormous. 


KINDS OF RUSTS IN THE UNITED STATES. 


This paper: deals only with the rusts of the small-grain crops, 
wheat, barley, rye, and oats, and includes the following forms:? 


Puccinia graminis Pers. on wheat, rye, oats, and barley, commonly known by the 
misleading term ‘“‘ black rust,’’ but more appropriately known as “‘stem rust,”’ 
as it generally is confined more or less closely to the stem and sheath (PI. I). 

P. rubigo-vera tritici? on wheat, known as “orange leaf rust,’’ or “leaf rust of 
wheat.”’ 

P. rubigo-vera secalis* on rye, known as “orange leaf rust,’’ or “leaf rust of rye.”’ 

P. coronata Corda. on oats, known as “leaf or crown rust of oats.”’ 

P. simplex (K6rn.) Erikss. and Henn. on barley, known as “leaf rust of barley.”’ 


These rusts, in common parlance, are classed as stem or leaf rusts, 
a convenient grouping which directs attention to the chief though 


‘not exclusive location of the rust on the host plant. 


DISTRIBUTION OF RUSTS IN THE UNITED STATES. 


GENERAL STATEMENT. 


All of the grain rusts, with the possible exception of stem rust of 
rye and the leaf rust of barley, are found throughout the United 
States wherever their host cereals are grown. As to the distributon 
of the barley leaf rust, less is known, because it may have been but 
recently introduced into this country and appears, as a rule, late in the 
season. It has been reported from California, Virginia, Minnesota, 
and Iowa and is probably of wide distribution. 

Although the rusts are for the most part practically coextensive 
with the hosts, they are not serious in all localities. Epidemics may 
occur in almost any grain-growing region, but they occur less fre- 
quently in some sections than in others. In general, the area most 
affected is the valley of the Mississippi and its tributaries, compris- 
ing the region west of the Alleghanies and east of the ninety-eighth 


1 Even comparing the yield, 11.65 bushels per acre, with the 10-year average (12.2 bushels per acre) for 
the three States from 1896 to 1905 (obtained by computing the averages in the three States), there was a 
reduction in yield in 1904 of more than 0.5 bushel to the acre. 

2 A few other rusts have been reported, some perhaps by mistake and some of such rare occurrence as to be 
of no economic importance. Puccinia glumarum (Schm.) Erikss. and Henn., the yellow rust of wheat, 
which is a very common and serious rust in Europe and India, has not yet appeared in this country. 

3 The trinomial terminology for these two rusts was first used by Carleton (30, p. 10). 
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meridian, which marks the eastern border of the semiarid lands of the 
central United States. It thus includes a large portion of the great 
erain-growing districts of this country. The rusts are also very severe 
and of annual occurrence in the small, isolated districts on the west 
side of the Coast Range in California, in eastern and southern Texas, 
and in parts of the Atlantic Coast States. They are an important 
factor in the grain-growing regions of eastern Washington and Ore- 
gon. In general, where the annual rainfall is 20 inches or more, rust 
may be a serious menace to crops. In areas where the annual rainfall 
is less than 20 inches rusts are generally of little importance. Such 
dry areas occur in the United States just east of the Rocky Mountains, 
extending eastward to the ninety-eighth meridian and in the inter- 
mountain areas, including Wyoming, much of Montana, Idaho, Utah, 
Colorado, New Mexico, southeastern Oregon, and the interior valleys 
of California. Here in most years rusts are comparatively rare, 
though in the great rust epidemic of 1904 some of these areas, includ- 
ing California, were affected. : 


AREAS MOST LIABLE TO RUST. 


The area where rust is particularly a menace is the hard spring- 
wheat belt of Minnesota, North Dakota, and South Dakota. The ° 
States bordering the Ohio River Valley, including Kentucky, Illinois, 
Indiana, and Ohio likewise are frequently attacked by rust. In the 
Southern States of the eastern half of the United States—that is, south 
of and including Tennessee and North Carolina—rust of certain cereals 
has been so serious as almost to prohibit the growing of them in those 
regions. It is very difficult, for instance, to grow spring oats profit- 
ably in portions of the southernmost tier of States east of the Missis- 
sippi River, one of the chief difficulties being rust. Almost nowhere 
in this southeastern part of the United States are the small grains, 
with the exception of winter oats, grown at all extensively. 


DISTRIBUTION OF THE DIFFERENT RUST SPECIES. 


Stem rust of wheat.—The stem rust of wheat (Puccinia graminis tritici 
Erikss. and Henn.) is of great importance in the hard winter and hard 
spring wheat belts of the Great Plains area and in the States bordering 
the Ohio River. In Maryland, Virginia, and other Eastern States it 
has been almost entirely absent for many years, but is by no means 
unknown. In Washington and Oregon it is frequent and virulent. 
In the interior mountain valleys, between the Rocky Mountains and 
the Sierra Nevada Mountains, and in the nonirrigated western area of 
the Great Plains, it is only occasionally found and is seldom serious. 
In the interior valleys of California it is occasionally epidemic, 
though usually of slight importance. On the coast of California 

216 


10 THE RUSTS OF GRAINS IN THE UNITED STATES. 


it is always present and almost always virulent. Little grain is grown 
in this region. In the Southern States only a small quantity of 
wheat is grown, and here this rust is often severe. In the south- 
ern half of Texas it makes wheat growing a hazardous undertaking. 
Even in northern Texas it is a factor of great importance. The 
ereatest rust epidemic of the last decade, which was due to the stem 
rust of wheat, occurred in 1904 and extended over the entire Missis- 
sippi Valley and up into the wheat fields of the Canadian Northwest, 
being particularly severe in the spring-wheat belt. It invaded the 
dry lands west of the Rocky Mountains and was severe in the interior 
valleys of California. A serious attack of stem rust of wheat was 
also experienced in the spring-wheat belt in 1902 and in 1905. 

Leaf rust of wheat—The occurrence of leaf rust (Puccinia rubigo- 
vera tritict Carleton) is also coextensive with wheat culture. Itis more 
common in many districts than stem rust. In the whole eastern 
half of the United States it is present every year, usually to a consider- 
able extent. Visitations amounting to epidemics are not infrequent, 
but the losses caused are not comparable to those of the stem-rust 
epidemic and are disregarded by the ordinary farmer, who accepts 
them as inevitable. In the Atlantic States the leaf rust is the chief 
rust of wheat and is very severe in some seasons. Like the stem rust, 
it follows more or less closely the rainfall lines, being of little impor- 
tance in the arid sections of the country. In the Palouse district of 
Washington, Idaho, and Oregon, however, it is usually abundant. 

Stem and leaf (or crown) rusts of oats —The presence of stem and leaf 
rusts of oats(Puccinia graminis avenae Erikss. and Henn., and Puccinia 
coronata Corda) is coextensive with the culture of that grain. The 
stem rust of oats, if not more harmful, 1s fully as destructive as the stem 
rust of wheat, and its distribution is somewhat similar. It is almost 
invariably accompanied by the leaf rust (Puccinia coronata), which 
is probably the most destructive of the leaf-rust group. _ 

Attention should be called to the fact that the stem rust of oats is 
not nearly so closely confined to the stem as is that of wheat, but is very 
frequently found on the leaf blades. The leaf and stem rusts of oats 
are usually commingled, and it is difficult to determine how much of 
the resulting damage is due to each. The leaf rust, however, is seldom 
found on the spikelets or the spikelet stems. It is here that much 
of the real damage is done by the stem rust. These rusts are found 
extensively only east of the dry belt of the Great Plains region, with 
the possible exception of eastern Oregon and Washington. In the 
Gulf Coast States, except northern Texas, and in Georgia and South 
Carolina they are paramount in importance and almost prohibitive 
of spring-oat growing, though winter oats are quite extensively grown. 
Proceeding northward, the rusts continue to be of great importance. 
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Even as far north as Wisconsin regions are known where oat growing has 
been discontinued on account of rust, and epidemics have been known 
to extend to the Canadian line and even beyond. Two features of 
an oat-rust epidemic explain instances of successful crops which often 
occur in the midst of an epidemic. They are (1) the great variation 
in time of ripening of different varieties of oats, amounting to as much 
as three weeks or a month in some latitudes, and (2) the apparent 
suddenness of the appearance of the epidemic. Frequently a variety © 
one week later than another will be ruined by rust, while the earlier 
variety will escape entirely. This results in the presence every year 
of considerable rust, amounting to a severe attack in some localities 
and on some varieties, while other localities and varieties escape. 

Stem rust of barley. —The occurrence of stem rust of barley (Puccinia 
graminis horder) is practically coextensive with the culture of that 
grain, but its presence is not often a serious menace. In general, 
the early date of maturing of barley seems to assist this crop in 
avoiding injury. Barleys planted very late—for instance, those 
planted for fodder—are sometimes seriously attacked, while the 
grain barleys usually escape damage. It may be noticed, however, 
that this rust, like the stem rust of oats, is not so nearly confined to 
the stem as the wheat stem rust, but is often abundantly present 
on the leaves. The rust assumes more serious proportions in the 
Southern States. In the Great Plains area and in the dry inter- 
mountain districts it is comparatively rare. 

Leaf rust of barley —Leaf rust of barley (Puccima simplex (K6rn.) 
Erikss. and Henn.) seems to be of recent introduction. Itwas reported 
from Iowa in 1896, from California in 1905, from Minnesota in 1905, 
1906, 1907, and 1908, and occurred in Virginia in 1906 in a considerable 
degree. In 1910 it was abundant at Laurel, Md., and also occurred 
in Virginia. The most abundant outbreak was in Virginia, in 1906, 
where the plants were well covered with rust. In Minnesota it 
seems to appear late in the season and has had no injurious effect on 
the crop. It may be classed as one of the least conspicuous of the 
erain rusts in point of economic importance. 

Stem rust of rye —The stem rust of rye (Puccinia graminis secalis 
Erikss. and Henn.) is fairly common, but causes little injury. The 
explanation of this probably lies in the fact that winter rye is grown 
almost exclusively in-the United States, and the stem rust appears 
at so late a date as to cause no appreciable damage. It was fairly 
common in Minnesota in 1906-1908 in experimental plats on spring 
rye, and in 1909 was abundant. As these were light rust years as 


1 As shown later, the physiological specialization of this rust in the United States is sufficiently different 
from that of the stem rust on wheat to make a distinction in the name desirable, and the trinomial termi- 
nology, as here applied, is used throughout this paper. 


216 


12 THE RUSTS OF GRAINS IN THE UNITED STATES. 


regards stem rust, no conclusions are possible from them as to the 
possibility of epidemic visitation on spring rye. Bolley, at Fargo, 
N. Dak., during the summer of 1907, had experimental plats of 
winter rye in the vicinity of barberry bushes which were infected 
with stem rust, and these winter-rye plats were badly rusted. The 
rust also appeared spontaneously on greenhouse material at Wash- 
ington, D. C., in 1906. The exact limits of the stem rust are not 
determinable on account of the meager reports, but it is safe to say 
that the rust at present is of very little economic importance. On 
the other hand, it seems probable that it is widely distributed in 
small quantities. 

Leaf rust of rye —The occurrence of the leaf rust of rye (Puccinia 
rubigo-vera secalis Carleton) is coextensive with the culture of that 
grain, and is often very abundant. It is found everywhere, appearing 
usually in abundance on the young plants in the fall; in the spring 
it is ordinarily the first rust to appear on cereal crops. No damage 
is usually attributed to it, and probably little or none is actually 
suffered, for the rye matures so early and the rust is so closely con- 
fined to the leaves that appreciable injury is almost always avoided. 
As with stem rust of rye, nothing can be predicted concerning the 
possibilities of leaf rust on spring rye, because comparatively little 
spring rye has been grown in this country up to the present time. 


BOTANICAL CHARACTERISTICS, LIFE HISTORIES, AND PHYSIO- 
LOGICAL SPECIALIZATIONS OF RUSTS. 


GENERAL STATEMENT. 


Investigations of recent years have shown conclusively that botan- 
ical characteristics, life histories, and physiological specialization of 
parasitic fungi vary to such an extent with the geographical distri- 
bution that a sequence of forms for one locality is not necessarily the 
sequence for any other. This brings us face to face with the problem 
of rust life histories in the United States. Although the European 
and American forms may be apparently identical morphologically, 
they are not necessarily identical in their life histories or physio- 
logical specialization. Investigations on the rusts in this country 
have shown that while the work of European botanists may be 
suggestive it can not be accepted as conclusive or final for the rusts 
of the United States without confirmatory experimental evidence. 
Some information has been gained in recent years on the specialization 
of the rusts growing on the different cereals, but much still remains 
to be done. 

This bulletin represents an attempt to show briefly our present 
knowledge of these rusts in the United States in comparison with our 
knowledge of rusts in Europe. For detailed descriptions of the 
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European forms the reader is referred to the works of Eriksson and 
Henning, Klebahn, Ward, and others, cited later in this paper. 


RELATIONSHIPS BETWEEN AMERICAN AND EUROPEAN FORMS. 


Stem rust of wheat, rye, oats, and barley.—It has been known for more 
than 40 years that the stem rust (Puccuma graminis Pers.) of wheat, 
rye, oats, and barley in Europe may pass on to the barberry, produc- 
ing ecidia, the cluster-cup stage, on this plant. The same has been 
likewise conclusively proved for the forms in this country. That the 
stem rust always does pass through the barberry stage in each 
season’s sequence of forms, or that it can not live for more than one 
season without passing on to the barberry, is not only not implied 
but, as will be shown later, is absolutely disproved by field experience 
and experiment. We know that rust can live for more than one 
season without the intervention of the barberry, but we also know, 
on the other hand, that the barberry stage is not uncommon in many 
rust-infected districts, so that it may still be an important factor. 
This feature will be further discussed. 

Leaf rust of wheat.—The ecidial stage of leaf rust (Puccinia rubigo- 
vera tritict Carleton) of wheat is not known either in Europe or in this 
country. Arthur (5) has shown that a similar rust on Elymus vir- 
gumcus L. has a very common ecidium on the jewel weed (Impatiens 
fulva Nutt.). It can not be stated at present, therefore, whether this 
rust has an ecidium in this country, or whether it has entirely lost 
this stage, as seems to be the case with Puccimia graminis in Australia. 
It is a fact easily observed in almost any wheat area of the United 
States, at least as far north as St. Paul, Minn., and Fargo, N. Dak., 
that the uredo stage exists through the winter months in the severest 
winters and the rust may thus live independent of an ecidial stage. 

Leaf (or crown) rust of oats —In Europe the crown rust (Puccima 
coronata Corda.) of oats has its ecidial stage on species of Rhamnus. 
The exact identity of the European and American forms may perhaps 
be open to doubt, though without question they are very closely re- 
lated. It has been shown that in Europe two species of crown rust 
exist (62), one (Puccinia coronata Corda.) with ecidia on Rhamnus 
frangula L. and the other (Puccinia coronifera Kleb.)! with its ecidia 
on Rhamnus cathartica L. Neither of these ecidial host species are 
indigenous to this country, although they have been imtroduced and 
grown quite extensively as ornamental shrubs in different localities. 
The secidia of our own rust on oats is found on R. lanceolata Pursh.., | 


1 Eriksson on the basis of careful inoculation experiments has since separated the crown rusts into a 
large number of physiological species, dividing Puccinia coronifera Kleb. with its ecidium on Rhamnus 
cathartica into 8 physiological species and the Puccinia coronata (Corda.) Kleb. with its ecidium on Rhamnus 
frangulz into 3 physiological species (49). 
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R. caroliniana Walt., and &. cathartica Li. The exact relationship of 
the American and European crown rusts can be determined only by 
parallel inoculation experiments with European and American forms. 
These have not yet been performed. 

Leaf rust of rye.—In Europe the leaf rust of rye (Puccinia dispersa 
Erikss.) forms its ecidium on Anchusa officenalis L. and Lycopsis 
arvensis L. Arthur (11, pp. 236, 237) succeeded once in growing the 
spermogonia of the American form (Puccinia rubigo-vera secalis 
Carleton) on L. arvensis L. in this country. It is believed, therefore, 
that the American and European forms are identical, but further 
experimental evidence should be obtained. 

Leaf rust of barley.—Leaf rust (Puccima simplex (Koérn.) Erikss. and 
Henn.) of barley was not reported in the last bulletin on rust issued 
by this Bureau and seems, in fact, not to have been previously re- 
ported. - The American form agrees in all morphological character- 
istics with the European form. It is chiefly characterized by the pre- 
dominance of the one-celled teleutospores. The teleuto stage is often 
somewhat scarce. The earliest collection of this rust available for 
examination was obtained in Iowa in 1896. It was collected in Cali- 
fornia in 1905. It has been noticed in abundance, especially toward 
fall, chiefly on volunteer or very late barley, in Minnesota during the 
seasons of 1905 to 1908, in Maryland in 1910, and was reported in the 
spring of 1906 from Virginia, where it occurred in great abundance, 
but, like the leaf rust of wheat, it caused little appreciable damage. 


BIOLOGIC FORMS. 
GENERAL DISCUSSION. 


Rust fungi exhibit great variety in regard to complexity of life his- 
tories. Some are confined to single-host species, others range over 
two or more species of one host genus, while still others range over two 
or more genera and often on different tribes of the same family. This 
comprehensive range may obtain in addition to the alternation of host 
plants, asin the stem rust of cereals. For instance, the stem rust of 
oats passes its zcidial stage on barberry, while the uredo and teleuto 
stages may be found on practically all species and varieties of oats 
and on several grasses, some of which are not at all nearly related to 
oats, but are, in fact, genera of tribes somewhat removed from that 
of the oat (30, pp. 61-63). Attention must be called to the fact that 
the ranging to other species occurs most abundantly in the uredo and 
teleuto stages, though it is not unknown in the ecidial stage. Fur- 
ther complexity arises in the following way: What may appear to the 
the eye, and often under the highest power of the microscope, as one 
and the same species of rust on a number of species, or even varieties, 
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may really not be identical, since they are not interchangeable from 
one host to the other. For instance, the leaf rusts of wheat and rye 
can not be distinguished from each other under the best microscope 
lenses of the present day; yet the leaf rust of rye can not ordinarily 
be transferred by inoculation from rye to wheat and probably is not 
so transferred in nature. In other words, one finds here two fungi 
exactly similar in morphological characteristics, but physiologically 
different. These have been variously designated,! probably the most 
convenient and expressive term being “‘biologic forms.” It is seen 
at a glance that the biologic forms may complicate very greatly the 
rust life history. They offer great difficulties to the investigator of 
rusts and, at the same time, are the basis for a most promising field 
of work of much importance, viz, the study of rust-resistant varieties. 

A further complication arises from the: facts obtained through 
experiments in various countries, which have shown that what is 
apparently the same species (the host being morphologically the 
same) may consist of a large number of strains or varieties which 
may behave differently in different geographic areas. The stem 
rusts of wheat and barley, for instance, are very similar, interchanging 
hosts easily and being capable of transfer to various grasses in this 
country. (See pp. 17-21; also Carleton, 30, pp. 54-56.) The 
researches of Eriksson (41, p. 70; 40, p. 294; 42, p. 500; 46, p. 198) 
show that in Sweden the stem rust of wheat goes with difficulty to 
barley and rye, while the stem rusts of barley and rye interchange 
hosts very easily. The chief factors in the complexity of the life 
history of cereal rusts may be summarized thus: (1) Alternation of 
hosts for different spore forms; that is, between the barberries and 
grasses. (2) The restrictions of different biologic forms of a single 
species of rust to various definite groups of host plants; as, for 
instance, Puccinia graminis avenae on oats; also found on Dactylis, 
etc., but not on wheat. (8) The variation of the biologic forms in 
different geographic areas. 

The biologic forms of cereal rusts have been somewhat fully worked 
out by Eriksson and Henning, Klebahn, and others for various 
localities in Europe. The reader is referred to these authors for 
more complete details (89 and 63). 

The forms in this country have received some attention, though 
scarcely as much as those in Europe. Practically the only work 
done in this line has been that of Hitchcock and Carleton (58) and 
of Carleton (30 and 31). The results of the latter agree in the main 
with the results recorded in this paper, but differ considerably 


1 Some of the terms used are Species sorores, SchrOter (94, p. 69); biologische Spezies, Klebahn (62, pp. 
232, 258); biologiske arter, Rostrup (88, p. 40); physiological species, Hitchcock and Carleton (58, p. 4); 
formae speciales, Eriksson (40, p. 292); Gewohnheitsrassen, Magnus (69, p. 82); and biologiskerassen, Ros- 
trup (89, p. 116). 
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in some details. The tendency in recent years has been to consider 
the biologic forms of our rusts as somewhat closely limited to their 
host species. Hitchcock and Carleton (58) and Carleton (80) find 
the stem rust to contain the following forms: 

(a) Puceinia graminis tritici Erikss. and Henn. on wheat, barley, Koeleria cristata 
(L.) Pers., Festuca gigantea (L.) Vill., Agropyron richardsoni Schrad., Elymus 
canadensis glaucifolius Muhl., Elymus canadensis L., Hordeum jubatum L., 
Hordeum murinum L., Dactylis glomerata L., Agrostis alba L., and Agro- 
pyron tenerum Vasey. 

(b) P. graminis avenae Erikss. and Henn. on oats, several species, Arrhenatheruwm 
élatius (L.) Beauv., Hordeum murinum L., Ammophila arenaria (L.) Link., 
Trisetum subspicatum Beauv., Dactylis glomerata L., Koeleria cristata (..) 
Pers., Alopecurus alpestris, Holcus mollis, Agrostis scabra Willd., Polypogon 
monspeliensis (.) Dest., Festuca sp. indet., Phlewm asperum Vill., Bromus 
ciliatus L., and Eatonia obtusata (Mizhx.) Gray. 

Puccima graminis secalis Erikss. and Henn. was not mentioned. 
Eriksson (41, p. 70; 40, p. 294; 42, p. 500; 46, p. 198; 44 and 47) 
finds them as follows: 

(a) P. graminis tritici Erikss. and Henn. on wheat, sparingly on barley and rye. 

(b) P. graminis avenae Erikss. and Henn. on oats, Avena sterilis L., Avena brevis 
Roth., Arrhenatherum elatius Mert. and Koch., Dactylis glomerata L., Alope- 
curus pratensis L., Milium effusum L., Lamarckia aurea Mch., Bromus 
arvensis L., Trisetum distichophyllum Beauyv., Bromus brachystachys Horn.., 
Bromus madritensis L., Koeleria setacea DC., Festuca myurus Ehrh., Festuca 
tenuiflora Sibth., Festuca scinroides Roth., Phalaris canariensis L., Phleum 
asperum Vill., and Briza maxima L. 

(c) P. graminis secalis Erikss. and Henn. on rye, barley, Hordewm jubatum L., 
Hordeum comosum J. and Presl., Bromus secalinus L., Elymus sibiricus L., 
Elymus arenarius L., Agropyron repens Beauv., Agropyron caninum R. and 
Sch., and Agropyron desertorum Fisch. 

The differences in results obtained by these European and American 
investigators have led the writers to examine further into the possi- 
bility of breaking down the barriers between the so-called biologic 
forms. This object, as will be seen below, has been accomplished 
without much difficulty, and at the same time considerable light has 
been shed on the true nature of the parasitism of cereal rusts. 


EXPERIMENTS ON Brotocic FORMS. 


DESCRIPTION OF METHODS. 


Rusts were collected in Minnesota and were transferred to their 
own host plants by artificial inoculations in the greenhouses at 
Washington, D. C. These constituted the stock rusts. In all the 
experiments the uredo stage was the spore form used. The cereal 
host plants were raised in small pots, about 10 plants to a pot, and 
inoculated in the seedling stage, either on the first or on the second 
leaf. The spores were placed on the leaf dry, or they were slightly 
moistened to enable them to adhere to the leaf surface. The plants 


were then sprayed with water by means of an atomizer until the leaf 
216 


LIFE HISTORIES OF RUSTS. G7 


surfaces were covered with very fine drops and then placed under 
large bell jars for two days. They were then removed from the bell 
jars to the greenhouse bench. 

In the accompanying diagrams, W, B, O, and R represent wheat, 
barley, oats, and rye, respectively.t. The succession of inoculations 
reads from left to right, the original host plant being on the extreme 
left. The figures in the form of a common fraction following each 
host plant are used as follows: (1) The numerator shows the number 
of leaves successfully infected; that is, leaves showing rust pustules. 
(2) The denominator shows the number of inoculated leaves. The 
fraction ;, therefore, indicates 7 pustuled leaves out of a total of 33 
inoculated. Again, the fraction 4 followed by the word ‘‘ flecked”’ 
indicates that 1 leaf out of 3 was flecked. The term flecked indicates 
a more or less close approach to the successful parasitism. The 
abbreviation ‘‘st. fl.’ means strongly flecked. 

These diagrams show the results of various sets of inoculation 
experiments with the different grain rusts, on their own and other 
hosts, which have been carried on at different times. 


EXPERIMENTS WITH BIOLOGIC FORMS OF STEM RUST. 


Diagrams 1, 2, 3, and 4 present summaries of inoculation experi- 
ments with Puccinia graminis tritici (stem rust) from wheat. 


Diacram 1.—Summary of inoculation experiments with stem rust from wheat. 
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The results indicated in diagram 1 are further summarized in 
diagram 2, which shows only the successful infections: 


Diacram 2.—Summary of the successful inoculations shown in diagram 1. 
Vive 
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1 Except in a few instances the grains used in these experiments were Preston wheat, Manchuria barley, 
Early Gothland oats, and spring rye, grown in Minnesota. 
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The wheat stem rust was carried directly to wheat, rye, and barley, 
but not to oats.t. The figures show plainly that it goes with great 
ease to barley and wheat and very rarely (1 out of 32 inoculations) 
to rye. This rust can infect barley with about the same ease with 
which it goes to its own host. Although this may be interpreted as 
indicating the identity of barley and wheat stem rusts, it is not con- 
clusive, since the barley rust behaves differently from the wheat 
rust toward the same cereals. When the wheat rust is taken to 
barley and then transferred to the other cereal hosts, it is seen that 
the barley has a decided influence on the rust. Diagram 3 sum- 
marized from diagram 1 shows its effect. 


Dracram 3.—Summary of successful transfers of wheat rust through barley. 
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The wheat rust from barley infects the wheat and barley again 
with great ease, and the rye with greater ease than the direct infec- 


_tion from wheat. Finally, from the second barley host the wheat 


rust may even infect oats, a result rarely obtained directly from 
wheat. In brief, the wheat rust, after passing on to barley, is capable 
of infecting all of the four cereals, but when transferred from the 
wheat without passing to barley, only barley and wheat are usually 
infected, rye being rarely infected and oats very rarely, indeed. 
Among the cereals, therefore, the stem rust of wheat in this country 
is not confined to wheat as closely as Eriksson has found it to be in 
Sweden, nor is it confined to barley and wheat, as found by Carleton. 

Diagram 4, summarized from diagram 1, shows the actual course of 
infection of wheat rust taken, in succession, on all of the small grains. 


DiacraM 4.—Summary of successful inoculations of diagram 1, showing succession. 


WwW 


The effect on the wheat-rust parasite when barley is taken as a 
host is clearly shown to be that of enabling a wider range of infection. 
An interesting feature of this diagram is seen in the fact that the final 
successful inoculation of oats was directly from the wheat, but the 
rust had previously passed on to three barley plants and two rye 
plants. 

Diagrams 5 to 10, inclusive, present summaries of inoculation 
experiments with Puccinia graminis hordei (stem rust) from barley. 


1 Mr. H. B. Derr, of the United States Department of Agriculture, reports having obtained in the labora- 
tory the following successfulinoculations: W——>O ——>B ——>0O ——>0O, Thenumberof successful 
infections in each case was not recorded, 
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Diacram 5.—Summary of inoculation experiments with stem rust from barley. 
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Diagram 6 summarizes the successful infections shown in dia- 
eram 5. . 


Dracram 6.—Summary of successful inoculations shown in diagram 5. 
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iB: 
The barley rust is seen at a glance to be more versatile than wheat 
rust. All four cereals are directly infected by this rust, as shown by 
diagram 7. 


Diacram 7.—Summary of successful direct inoculations of stem rust of barley. 
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The stem rust of barley, like that of wheat, goes with equal ease on 
barley and wheat. Rye is more easily infected by barley rust than 
by the wheat rust. Oats are capable of direct infection by barley rust. 
The oat pustules were very small and weak, and thus precluded the 
possibility of very numerous experiments with the barley rust from 
oats; but diagram 5 shows that successful infections were obtained 
as follows: 


DiacramM 8.—Summary of successful inoculations of oats with stem rust of barley. 
7 1 
B———0 3, -___0 5 


The barley rust, after being transferred to rye, was carried to 
barley and then to all of the four cereals; it was likewise transferred 
to wheat and then to the other cereals. The rye and wheat rusts, as 
shown by other diagrams, are usually incapable of direct transfer in 
this manner. That the barley rust is carried through wheat and then 
transferred to the other cereals is shown in diagram 9 summarized 
from diagram 5: 


DiacramM 9.—Summary of transfer of stem rust of barley through wheat to other cereals. 
B =: 
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The barley rust, then, after passing through rye and wheat, is still 
able to infect all four cereals. 

Diagram 10, summarized from diagram 5, shows that barley rust 
was successfully transferred to all of the four cereals. 


Diacram 10.—Summary of transfers of stem rust of barley directly to other cereals. 
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The comparatively large percentages of infection obtained are 
probably accounted for by the fact that in each case barley inter- 
vened as a host between rye and oats and between oats and wheat. 

The barley stem rust enjoys the widest range of any of the biologic 
forms of the cereal rusts. On the other hand, a transfer of any of the 
other stem rusts to barley widens the range of that rust. We have 
here, then, a decided reaction of host upon parasite, enabling the latter 
to adapt itself to hosts not ordinarily congenial; for instance, 
w——>B——>O. 

As shown under wheat rust, the barley rust and wheat rust are 


seen to be not necessarily identical, though the fact that they are 
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but slightly changed forms of the same species can not be doubted. 
Although they infect barley and wheat plants with almost equal ease, 
they behave differently in the other inoculations. That this differ- 
ence may be attributed to the influence of host on the parasite is 
clear from the fact that wheat rust after passing to barley behaves 
in a similar manner to the barley rust, although the latter retains a 
more versatile character even after passing to the other host plants. 
Table II (p. 26) throws further light on the relationships of wheat 
and barley rusts. Diagrams 11 and 12 summarize the inoculation 
experiments with Puccinia graminis secalis (stem rust) from rye. 


DracraM 11.—Summary of inoculation experiments with stem rust from rye. 
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Dracram 12.—Summary of the important results shown in diagram:11. 
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The rye rust infects rye and barley with about equal ease; in fact, 
the proportion of successful inoculations indicates even greater 
preference for barley than for rye, though a much larger number of 
inoculations would be necessary to decide this point conclusively. 
Wheat is rarely directly infected. Derr reports having obtained the 
successful infection of rye rust to wheat in a few instances. These 
infections were not obtained directly, but 1 out of 22 inoculations 
was successful after the rye rust had passed to barley. In our own 
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experiments no infections to wheat after barley and only one to oats 
after barley were obtained with the rye rust, but only a small number 
of attempts on wheat and oats were made from the rust on barley. 
There is little doubt that rye rust can be made to go to wheat after 
passing to barley, as has been shown by Derr’s experiments previously 
cited. Diagram 13, summarized from diagram 11, shows the direct 
infections obtained with stem rust from rye. 


DiacRraM 13.—Summary of the direct inoculations of barley and rye with stem rust from rye. 
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Diagram 14 shows the possibility of infection of all four cereals 
by passing to barley. 


DiacrRam 14.—Summary of inoculations by stem rust of rye directly to two cereals and 
through barley to wheat and oats. 
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Diagram 15 presents a summary of inoculation experiments with 
Puccinia graminis avenae (stem rust) from oats: 
Diacram 15.—Summary of inoculation experiments with stem rust from oats. 
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Diagram 16 presents a summary of the successful infections? shown 
in diagram 15. 
Diagram 16.—Summary of successful inoculations shown in diagram 15. 
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1 Derr reports having obtained a direct infection of oats to wheat and one of oatstorye. In the case of the 
wheat the rust was further transferred as follows: O——>W——>B——>W. He also further carried 
the oats to barley and transferred infection as follows: 
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The number of successful inoculations of stem rust of oats to 
wheat and rye has been insufficient to make absolute statements 
concerning them, but there is little doubt that under highly favorable 
conditions they can be made. On the other hand, there is no doubt 
that the oat rust can be carried to barley and from barley to either 
oats or barley, as a large number of successful trials by Derr have 
shown. In all cases the pustules obtained in the course of the 
inoculations were small and weak and the rust was very evidently 
not on a congenial host. The oat rust is thus seen to be the most 
closely specialized of the biologic forms of Puccina graminis on the 
small grains, but in its ability to infect the other species under 
rarely occurring conditions still shows its close affinity to the other 
rusts. Of all the stem rusts on the small grains that of oats is the 
most distinctive and individualistic in appearance, having larger 
pustules of uredo spores which are formed very commonly both on 
stems and leaves (as in barley), in sharp contrast with the more 
restricted location of the pustules in the rusts of wheat and rye. 
As a biologic form, the stem rust of oats may be said to be generally 
confined to oats. It can at times be carried to barley, but never 
produces large or vigorous pustules. It is only rarely that the 
transfers to wheat and rye can be made. 


EXPERIMENTS WITH BIOLOGIC FORMS OF LEAF RUST. 


Fewer experiments have been made with the biologic forms of 
leaf rusts than with the stem rusts, but these experiments indicate 
that, as a rule, the leaf rusts are not as versatile as the stem rusts, 
being confined more closely to the original hosts. 

Diagram 17 presents a summary of inoculation experiments with 
Pucceinia rubigo-vera tritici (leaf rust) from wheat. 


Diagram 17.—Summary of inoculation experiments with leaf rust from wheat. 


The leaf rust of wheat was carried directly to wheat, rye, and 
barley, but in 47 inoculations it would not transfer to oats. It is 
similar to Puccinia graminis tritici, which can easily be transferred 
to the first two cereals, to rye rarely, and to oats only in very excep- 
tional instances. But the leaf rust of wheat will not infect barley 
nearly as readily as the stem rust of wheat, but seems to transfer 
to rye more easily than the stem rust. No experiments were made 
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to determine whether or not this rust goes more easily to the other 
cereals after having been grown on barley, as is the case with the 
stem rust of wheat. Carleton (30, p. 20) reports negative results 
with Puccima rubigo-vera tritici in inoculations on oats, barley, and 
rye. This indicates either that the strain of rust which he used for 
his inoculations may have been slightly different from the strains 
used in our inoculations, or that the conditions were not as favorable 
for infection. Such a difference in strains, perhaps, may exist in 
the same species of rust gathered from different localities even in 
the same country. 

Diagram 18 presents a summary of inoculation experiments with 
Puccinia simplex (leaf rust) from barley. 


DiacrRamM 18.—Summary of inoculation experiments with leaf rust from barley. 


These experiments indicate that the leaf rust of barley is closely 
confined to the one host, barley, as no infection took place on either 
wheat, rye, or oats in a large number of inoculations on each. In 
this particular it is very different from the stem rust of barley, which 
may be transferred to the other three cereals. 

Diagram 19 presents a summary of inoculation experiments with 
Puccinia rubigo-vera secalis (leaf rust) from rye. 


Driacram 19.—Summary of inoculation experiments with leaf rust from rye. 
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The leaf rust of rye is also highly specialized and in numerous 
inoculations did not transfer to the other cereals. Carleton’s results 
(30, p. 43) in numerous trials are identical. The flecking of the 
wheat and barley showed that they were infected with the rust, but 
that extensive development of the rust mycelium did not take place. 
The rye stem rust, on the other hand, easily transfers from rye to 
barley. ee 

Diagram 20 presents a summary of inoculation experiments with 
Puccimia coronata (leaf rust) from oats. 
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DiaGram 20.—Summary of inoculation experiments with leaf rust from oats. 
Wa (several ree flecked). 
R o (several leaves strongly flecked). 
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Although highly specialized, the leaf rust of oats can be transferred 
to barley, but it did not transfer to either wheat or rye. The effect 
of barley on it was not determined, except to show that from barley 
to oats the rust in a few trials transferred as easily as from oats to 
oats. In Carleton’s experiments (30, p. 46) inoculation with this 
rust on barley gave negative results. 

In many of the experiments on biologic forms previously cited, it 
was noticeable that the same rust species would not give the same 
percentage of infection on various hosts if the inoculations were made 
from rusts gathered in different localities. This may account for the 
diverse results of different investigators and leads to the belief that 
there may be a large number of strains of a rust species, none of which 
will act exactly like another toward the same hosts. Undoubtedly by 
variation and adaptation to varying conditions a certain rust species, 
widely distributed, may form a large number of strains or types 
which, when this process has been continued for a considerable time, 
differ widely in their physiological reactions. These may become 
the physiological or ‘‘biologic”’ species. 


EFFECT OF CHANGE OF HOST ON THE MORPHOLOGY OF THE UREDOSPORE. 


In experimental cultivation of Puccima graminis tritics from wheat 
on barley and Puccimia graminis hordei from barley on wheat it was 
found that there existed a slight morphological difference between 
the uredospores of the stem rust of barley and the stem rust of 
wheat. Upon closer examination this difference seemed to be meas- 
urable—that is, the uredospores of barley measured (on a basis of 
measurement of 50 spores, widely selected) considerably shorter and 
very slightly narrower than those on wheat. An experiment was 
therefore inaugurated to determine what the effect would be on the 
size of the spores of the barley rust when grown on wheat and of the 
wheat rust when grown on barley. Transfers were accordingly made 
of the barley rust to two pots of wheat and of the wheat rust to two 
pots of barley. The barley rust on wheat was then transferred to 
wheat plants continuously for about a year, and the wheat rust in a 
similar manner was grown on barley. The rust in each pair of pots 
was transferred to two other pots, so that two separate strains were 
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kept continuously for check purposes. All precautions possible to 
ordinary greenhouse work were taken to avoid accidental infection 
and the mixing of cultures. The results given in the table below 
show the measurements of (1) the original material—that is, of barley 
rust on barley and wheat rust on wheat; (2) the same rusts after 6 
inoculations had been made on newhosts; and (3) after 17 inoculations, 
covering a period of almost one year. The spore measurements were 
carefully made from typical spores. Where 50 spores were measured, 
they were taken from at least 5 different pustules and from 2 or 3 
leaves. Where 10 were used they were selected from normal, mature 
pustules. The difference in size between spores from mature and 
immature pustules is quite marked, the immature being smaller than 
the mature. As the variation in width of the spores from different 
hosts is very slight, measurements of 10 may show a small difference 
from the measurement of 10 original spores toward either plus or 
minus. 


Taste I1.—Change in morphology of the uredospores by cultivation of stem rust from 
wheat on barley and from barley on wheat. 


z | 5 | | Spore measurements (). 

5 | Re 5 | 
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= | urements, | -4 S | Difference 
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Description of culiure. | collection! 3 25 | aeviachinn | 3 ae Se inal ana 

of spores.| AS | ee terial). 
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Ral S Ss eleo 2 S a rs =e) 

Seg Bo) Siiesah eae 

Oo red) 
A | 2) ae Pad tlctesie dpelrshai tees 
A 1906. |. | 1907. 

Wheat rust transferred || Nov. 13 | 9 | a Kier g 
to and grown continu- | and 50)/ 18-15) 31-3819 Gola ye op ll eal aee agile ae ea 
ously on barley......... Nov. 14 | 17| Sept. 26 50) 17.52) 29. 01|— . 63) —2. 32 

Barley rust transferred |} Nov. 14 | | | neon ee 
to and grown continu- |} and 50] 17. 46| 28. ai a eee a EA ie a a aol Hes a 
ously on wheat......... | Nov. 22 | SBt- GL POMS Sir ccd ec 


This table shows that in the original material the wheat-rust 
uredospores are 0.69 » wider and 2.82 » longer than the corresponding 
barley-rust spores. As stated above, the difference in width is too 
small (a little more than 0.5 ) to allow of safe conclusions as to its 
variations. After 6 successive infections of each rust on the other 
host, the wheat rust had lost an average of 1.2 » in length, the width 
remaining practically the same (+0.02 ~). The barley rust, on the 
other hand, had gained in length 1.71 y, the width running practi- 
cally the same (+0.07 »). The two rusts at this time gave almost 
identical measurements, viz, wheat rust on barley 18.17 » by 30.13 p 
and barley rust on wheat 17.53 » by 30.22 w. After 17 successive 
intervening inoculations (almost a year from the time of the collection 
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of the original material) the wheat rust on barley had lost from the 
original material 0.63 » in width (practically negligible) and 2.32 
in length, while the barley rust on wheat had gained 0.21 » in width 
(again practically negligible) and 2.61 »in length. If these measure- 
ments are compared with those of the original material it will be 
seen that the wheat rust on barley has decreased in spore size to 
almost exactly that of the original barley rust and the barley rust on 
wheat has increased in spore size to nearly that of the original rust 
on wheat, as follows: 


Original wheat rust:-.-...-.5--- eee ees 16. Lore Dy oleraor ft. 
Barley rust after 10 months on qihene. eS ee 17. 67 » by 31. 12 p. 
Oncimal barleyeruste ces cone ae ee oe 17. 46 » by 28. 51 p. 
Wheat rust after 10 months on barley.........--..-- 17. 52 p by 29. 01 p. 


Although these differences are not great, they seem sufficient to 
indicate that the host plant exercises not only a decided physio- 
logical and biological reaction upon the parasite but that it may, 
even in such a short period as one year, exert a measureable effect 
on the morphology.t' It has already been shown (p. 17) that wheat 
rust if first transferred to barley may be transferred to oats with 
considerable ease, thus showing the physiologic change going band 
in hand with the morphologic change. 


GENERAL SUMMARY OF CONCLUSIONS DERIVED FROM EXPERIMENTS ON BIOLOGIC 
FORMS. 


In summarizing, the following points in regard to biologic forms of 
rusts of cereals may be emphasized: 


(1) Puccinia graminis tritici Erikss. and Henn. (stem rust of wheat), P. graminis 
hordei F. and J. (stem rust of barley), P. graminis secalis Erikss. and Henn. 
(stem rust of rye), and P. graminis avenae Erikss. and Henn. (stem rust of 
oats) are undoubtedly biologic forms of the same species Puccinia graminis 
Pers. 

(2) These forms are not entirely confined to their respective hosts, but vary in 
range in part according to the host plants they have been recently inhabiting. 

(3) P.rubigo-vera tritici Carleton (leaf rust of wheat) and P.rubigo-vera secalis Carle- 
ton (leaf rust of rye) are more highly specialized than the corresponding 
stem rusts. 

(4) P. graminis hordei (stem rust of barley) has ordinarily the widest range, while 
Puccinia simplex Erikss. and Henn. (leaf rust of barley) and P. rubigo-vera 
secalis (leaf rust of rye) have more restricted ranges. 

(5) Under very favorable conditions, particularly after first transferring to barley, 
all the stem rusts can be carried successfully to the other cereals. 

(6) When the rusts are transferred to uncongenial hosts and produce pustules on 
these, the pustules are almost invariably minute and weak, producing com- 
paratively few spores. Some pustules apparently never open. The con- 
genial hosts of each rust may be summarized as follows: 

P. graminis tritici (stem rust of wheat) on wheat and barley. 


1 Evans (50, p. 461) has shown previously that many of the biologic forms of the genus Puccinia can be 
distinguished by slight differences in morphology of the early uredo mycelium, particularly in the forma- 
tion of the substomatal vesicle. 
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. graminis hordei (stem rust of barley) on barley, wheat, and rye. 
. graminis secalis (stem rust oi rye) on rye and barley. 

. graminis avenae (stem rust of oats) on oats. 

. rubigo-vera tritici (leaf rust of wheat) on wheat. 

. simplex (leaf rust of barley) on barley. 

. rubigo-vera secalis (leaf rust of rye) on rye. 

. coronata (leaf rust of oats) on oats. 

(7) Two biologic forms may inhabit the same cereal or cereals (for instance, wheat 
and barley rusts on wheat and barley) without being identical. 

(8) By gradual variation and adaptation to varying conditions a certain rust spe- 
cies, widely distributed, may form a number of strains or types, differing in 
physiological reactions. 

(9) The host plants exercise a strong influence, not only on the physiological and 
biological relationships, but in some cases even on the morphology of the 
uredospores. 

In regard to the relationships of the cereal rust forms to the numer- 
ous grass rusts of the United States there is much to be done. A 
beginning has been made, and experiments have been performed 
confirming Carleton’s results (30, pp. 55, 61-63) in regard to the infec- 
tion of Hordeum jzubatum with the stem rusts of wheat and barley 
and orchard grass with the stem rust of oats. That Agropyron repens 
also acts as host for the stem rust of wheat has been proved. The 
relationship of Puccinia phlei-pratensis to other rusts has been inves- 
tigated and a summary of results published (59, p. 791). The 
importance of this phase of the biologic forms of cereal rusts is very 
great and demands early attention. The most extensive results 
obtained up to the present time are those of Carleton with the 
American and Eriksson with the European rusts.! 


Ny eo 


THE ACIDIAL STAGE OF RUSTS. 
HISTORY OF BARBERRIES IN RELATION TO RUST. 


Up to 1864-65, when De Bary demonstrated the hetercecism of 
Puccinia graminis Pers., rust life histories were very incompletely 


1 During the course of preparation of this bulletin several important papers have appeared throwing 
further light on biologic forms of rust. J. C. Arthur (‘‘Cultures of Uredinez in 1909,’ Mycologia, vol. 2, 
no. 5, 1910, pp. 227, 228) cites experiments of his own showing that Puccinia poculiformis (Jacq.) Wettst. 
(P. graminis Pers.) has been grown on Triticum vulgare from ecidiospores derived from inoculations on 
Berberis vulgaris with teleutospores from Agropyron repens, A. tenerum, A. pseudorepens, Agrostis alba, 
Cinna arundinacea, Elymus canandensis, and Sitanion longifolium, respectively. He concludes that 
‘‘although in the uredinial stage this rust shows racial strains that inhibit the ready transfer from one species 
of host to another * * * yet in the ecial stage racial strains play no part, and the barberry acts as a 
bridging host between each and every other gramineous host.” 

Jaczewski, on the other hand, in a recent article (Zeitschrift fiir Pflanzenkrankheiten, vol. 20, no. 6, 
1910, pp. 356, 357) cites comprehensive inoculation experiments to show that the stem rusts of grains and 
grasses in Russia as a rule are not interchangeable even with the barberry as a bridging host, but retain 
distinct physiological specialization in the ecidial as well as in the uredo stage. He also shows that the 
zecidia produced from inoculations with the teleutospores from the stem rusts of wheat and barley, respec- 
tively, behave differently when used for inoculation on the same series of grains and grasses, and he believes 
it easily possible that the stem rust on barley is a distinct physiological species, a conclusion independently 
derived in another way by the writers of this bulletin (pp. 17-20 and 25-27). Although it is evident from 
the experiments cited by Arthur that the barberry may act as a bridging host for rusts between some 
gramineous hosts, in the light of the work of Jaczewski and others it seems that further experimentation 
on a large number of rusts is necessary before the sweeping statement that “in the ecial stage racial strains 
play no part” can be generally accepted. 
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understood. That the proximity of barberries to grainfields was 
injurious to the crops had long been believed, although no one could 
say just what caused the damage. In many cases stringent laws 
making the destruction of barberries compulsory had been enacted. 
Klebahn (63, p. 205) finds the first mention of such legislation by 
De Magneville (68, p. 18), who says that laws against the growing 
of barberries were extant in Rouen, France, in 1660. The citations 
of Loverdo (67, p. 199) and Prillieux (86, p. 221) undoubtedly are 
taken from this reference. Klebahn, however, was unable to locate 
the original law, even though M. Ch. de Beaurepaire, Archiviste 
Paleographe de la Prefecture de la Seine Inferieure in Rouen, looked 
through the record of laws for 1660 and also for 1760. There is, 
thus, some doubt about this report. 

In the eighteenth century rust literature became much more 
extensive. -According to Klebahn (63, pp. 205, 206), Erhart (88, p. 
59) says that in 1720 an English farmer destroyed his neighbor’s 
barberries with hot water because they hurt his wheat. This instance 
is also cited by Hornemann (56, p. 8). De Bary (12, p. 35) found the 
noxiousness (Schidlichkeit) of barberry to wheat mentioned by 
Kriinitz (65, p. 198), who says: 

Man hat sie ohne Grund beschuldigt, dass sie in den nahe dabei stehenden Korn 


den Brand verursachten, weswegen dieselben sogar aus den Zatinen um die Landgiiter 
verbannt werden. 


Withering (105, p. 199) in 1776 wrote: 


This shrub should never be permitted to grow in corn lands, for the ears of wheat 
that grow near it never fill, and its influence in this respect has been known to extend 
as far as 300 or 400 yards across a field. 

According to Davis (87, p. 82) the oldest legislation in the United 
States concerning barberries was enacted in Connecticut in 1726, 
when towns were empowered to pass regulations at their town meet- 
ings for the destruction of barberries within their respective town- 
ships, “it being by plentiful experience found that where they are in 
large quantities they do occasion, or at least Increase, the blast on all 
sorts of English grain.”’ In Massachusetts an act was passed in 1755 
making the destruction of barberries in that Colony before June 13, 
1760, compulsory (73, pp. 797, 798) because “‘it has been found by 
experience that the blasting of wheat and other English grain is often 
occasioned by barberry bushes to the great loss and damage of the 
inhabitants of this province.’’ Similar laws, but much less stringent 
than those of Massachusetts, were passed in Rhode Island in 1766 
and 1772, and again in Connecticut in 1779. 

In 1781-1784 Marshall (71, pp. 19, 359; 72, p.11), by reason of the 
strong existing prejudice against barberries in England, undertook 
actual experiments to determine whether or not barberries were the 
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cause of rust in grain. In February, 1782, he planted a barberry 
bush in the middle of a wheat field. He states that a little before 
harvest: 

The wheat was changing and the rest of the piece (about 20 acres) had acquired a 
considerable degree of whiteness (white wheat), while about the barberry bush there 


appeared a long but somewhat oval-shaped stripe of a dark, livid color, obvious to a 
person riding on the roadside at a considerable distance. 


Marshall continues as follows: 


The part affected resembled the tail of a comet, the bush itself representing the 
nucleus, on one side of which the sensible effect reached about 20 yards, the tail 
pointing toward the southwest, so that probably the effect took place during a northeast 
wind. 

At harvest, the ears near the bush stood erect, handling soft and chaffy; the grains 
slender, shriveled, and light. As the distance from the bush increased the effect 
was less discernible, until it vanished imperceptibly. 

The rest of the piece was a tolerable crop and the straw clean, except on a part which 
was lodged, where the straw nearly resembled that about the barberry; but the grain 
on that part, though lodged, was much heavier than it was on this, where the crop 
stood erect. 

The grain of the crop, in general, was thin bodied; nevertheless, 10 grains, chosen 
impartially out of the ordinary corn of the piece, took 24 of the barberried grains, 
chosen equally impartially, to balance them. 

This experiment was repeated by Marshall in Staffordshire with 
similar results, and he became more firmly than ever of the opinion 
that barberry was injurious to wheat. 

In 1787 Withering (106, p. 366) in speaking of Berberis vulgaris 
repeated the statement which he made in 1776, already quoted 
(p. 29). 

According to Windt (104), Schépf (93, p. 56) in 1788 said that in 
America the barberries in proximity to fields were blamed for injuring 
grains and other field crops. Just how the injury was caused no 
one could say. 

A severe epidemic of “mildew” took place in England in 1804 
(84, p. 51). Arthur Young, secretary of the board of agriculture 
at that time, issued a circular asking for information as to the cause 
of ‘‘mildew”’ in wheat. In answer to the question ‘“‘Have you made 
any observations on the barberry as locally affectmg wheat?” 
numerous correspondents reported that injury resulted wherever 
barberries occurred near a wheat field. According to the same 
authority, Sir Joseph Banks (14, p. 521) in 1805 said: “Is it not 
more than possible that the parasitic fungus of the barberry and that 
of wheat are one and the same species, and that the seed is transferred 
from the barberry to the corn ?”’ 

In 1806 Windt (104, p. 8), from his own observations and experi- 
ments, came to the conclusion that the barberry was the cause of rust 
in wheat and that it acted as a center of infection. 
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Thomas A. Knight, president of the Royal Horticultural Society of 
London, in 1813 recognized the importance both of the uredo stage 
and of the barberry. He says (64, p. 85): 

A single acre of mildewed wheat would probably afford seeds sufficient to com- 


municate disease to every acre of wheat in the British Empire, under circumstances 
favorable to the growth of the fungus. 


Knight adds: 

There is also reason to believe that the barberry tree communicates this disease to 
wheat, and I have also often noticed a similar apparent parasitical fungus upon the 
straws of the couch-grass in the hedges of cornfields. 

In 1818 a paper was published by the Royal Agricultural Society 
of Denmark, which was the result of investigations by Schoeler (92, 
p. 289) in Denmark from 1807 to 1816. He had planted grains 
around barberries and found that rye and oats were liable to be 
destroyed every year by rust; that when large and small barberry 
bushes were planted in his field— 

The larger bushes did not give rise to rust when they lost their foliage in the process 
of transplanting, but, on the contrary, the smaller bushes, which did not lose their 
leaves so readily, did give rise to the rust in rye toa very marked degree. 

In 1816 Schoeler actually cut freshly rusted barberry leaves, 
carried them in a box into a rye field, and rubbed them on rye plants 
moist with dew. The plants were carefully marked and in five days 
were found to be severely affected with rust, ‘‘while at the same 
time not one rusty plant could be found anywhere else in the field.” 

A German farmer performed similar experiments in 1818 (77, 
p. 280; 52, p. 408). He gathered the dust (Staube) which fellfrom the 
cup (Kapsel) on barberry leaves as he shook them and placed it on 
rye plants far from the rye fields and where there were no barberries 
in the neighborhood. After five or six days the plants thus treated 
were attacked by rust, while there was nothing similar on any other 
plants. He concluded that the dust from barberries blown by the 
wind to grains causes the rust. 

While many botanists still believed that the rusts on barberry and 
wheat belonged to different genera, some were sufficiently good 
observers to believe that the Puccinia and Uredo were in some way 
connected. In 1852 Tulasne (97, pp. 79-113) proved the genetic 
relation between the summer rust (Uredo) and the autumn rust 
(Puccinia) and also showed (97, p. 141) that the autumn spores of 
many of the rust species, among which are Puccinia graminis and 
P. coronata, go through a resting period from autumn until spring 
before they will germinate. 

It remained for De Bary, in 1864-65, to publish the results of his 
experiments, which actually proved hetercecism of Puccinia graminis 
(12, pp. 15-49). He demonstrated in 1864 that the sporidia from 
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teleutospores from Agropyron repens Beauv. and Poa pratensis W.. 
would give rise to the ecidia on Berberis and, in 1865, that zecidio- 
spores from Berberis sown on rye would produce uredospores and 
later teleutospores. He did not stop here, but kept at work on other 
rusts, and in 1865 showed that Puccyma coronata has its secidium on 
Rhamnus frangula and P. rubigo-vera its ecidium on Lycopsis arvensis. 
From this time on, life-history work on the Uredinez has made rapid 
strides and the connection of one ecidial form after the other has 
been discovered by such men as Oersted, Fuckel, Magnus, Schroter, 
Wolff, Rostrup, Winter, Nielsen, Reichardt, Hartig, Rathway, 
Cornu, Plowright, Farlow, Barclay, Thaxter, Eriksson, Klebahn, 
Arthur, Holway, Kellerman, and others.' 

In 1884 Plowright produced successful infection on Berberis with 
rust from teleutospore material from Agropyron repens sent by 
Arthur from the United States, and Bolley produced successful 
infection on barberry with teleutospore material from wheat in 
1889 (1, p. 395). Carleton (30, p. 54) produced successful infection 
on barley from ecidiospores from Berberis. These experiments 
have been repeated by Arthur time and again and have been per- 
formed by the authors. They prove that the Puccima graminis in 
America is the same species as the P. gramimis in Europe, although 
the physiological specializations and consequent biologic forms are 
different in the two countries. 

More work has been done on Puccinia graminis than on any other 
rust fungus, and its relationship to the zcidium on several species of 
Berberis has been proved repeatedly by Eriksson. Species of Mahonia 
have also been proved to be ecidial hosts of this rust (85, p. 234; 
13 pe 96). 

The relationships of Puccinia graminis on oats and rye to the secid- 
ium on species of Berberis and the relations of P. coronata to the 
zcidium on species of Rhamnus have also been demonstrated, while 
the ecidial forms of the other leaf rusts are not known. This has 
led again to the mooted question whether or not the ecidial stage 
is necessary in the life history of rusts, and, if not absolutely nec- 
essary, what function the ecidial stage fills. 


FUNCTIONS OF THE CIDIUM. 


GENERAL DISCUSSION. 


As early as 1882 Plowright (85, p. 234) questioned whether the 
ecidium is an essential stage in the life history of rusts and grasses, 
and gave as his principal reason for raising this question the apparent 


1 For citations of literature see Plowright (84), 1889; Eriksson and Henning (39), 1894, Klebahn (63), 
1904; McAlpine (76), 1906; Arthur (2, 4-11), 1899-1909. 
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‘disproportion which exists in England between the amount of 
of mildew (rust) and the number of barberries.’” He further states 
that there is a wonderful difference between the extent of injury 
caused by “‘mildew” when derived directly from the barberry and 
when derived from a uredo that has reproduced itself through several 
generations, the former being much greater than the latter. He 


adds: 


This is only what one would expect when the fact is taken into consideration that 
the zcidium spore is a sexual product, whereas the uredospore is not. 


Bolley (21, p. 12) holds a similar view and says: 


The services rendered by it [the barberry] should. probably be considered as that of 
reinvigoration, much the same as that which is rendered by reproduction in ordinary 
plants. 


Arthur (8, pp. 67-69) similarly believes the ecidium is a device 
to restore vigor to the rust fungus, the ecidiospore giving rise “‘to a 
much more vigorous state of the fungus than the uredospores do,” 
and, as a consequence, the prevention of the production of the 
ecidiospore by the removal of the xcidial host would reduce very 
largely the injury which the rust is capable of producing. 

This view has been greatly strengthened since Blackman’s (18) dis- 
coveries of cell fusions and the origin of the binucleated condition in 
the ecidium of Phragmidium violaceum on Rubus fruticosus and Gym- 
nosporangium clavariaeforme on Crataegus and in the further studies 
of Christman (33 and 34), Blackman and Fraser (19), and Olive (79 
and 80), all of whom have shown that in various rust species a cell 
fusion takes place and the consequent binucleated condition arises at 
the base of the ecidium. The authors differ in certain instances as 
to the details of this fusion, and in the species studied, but generally 
aeree that this fusion is sexual. If it is functionally a sexual union 
the final step of which is the nuclear fusion in the teleutospore,! the 
reinvigoration of the rust as claimed by Plowright, Bolley, and Arthur 
is-to be expected as a natural consequence. 


- EXPERIMENTS TO DETERMINE THE VITALITY OF SUCCESSIVE UREDO GENERATIONS OF 
VARIOUS GRAIN RwUSTS. 


MATERIAL USED AND METHODS EMPLOYED. 


To test this invigoration theory in part and to determine, if pos- 
sible, whether or not the ecidial stage is necessary in the life history 
of rusts, continuous cultural experiments from the uredospore of the 
various cereal rusts were undertaken by the authors in 1907 and 

1! Dangeard and Sapin-Trouffy demonstrated the nuclear fusion in the teleutospore of rusts as early as 
1893 (Comptes Rendus 116, pp. 267-269 and 1304-1306) and regarded this a ‘‘pseudofecundation.” These 


studies led to further investigations on the sexuality of the Uredineze and consequent discovery of cell fusion 
in the ecidium. 
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were carried without a break until August, 1909. In these experi- 
ments 52 generations of uredospores were grown without the inter- 
vention of any other spore form. These generations consisted of 
Puccinia graminis on wheat, barley, and oats; P. rubigo-vera on wheat 
and rye; P. sumplex on barley; P. graminis, originally from barley, 
on wheat; and P. graminis, originally from wheat, on barley. At 
the end of these experiments cultures were as easily made and the 
rusts grew as luxurlantly as at the first inoculation with material 
cbunned directly from the field. 

In these experiments care was taken to avoid Poel infection 
from outside sources. Plants showing indications of such infection 
were destroyed. As far as possible series of 10 plants were used and 
each inoculation was made with material from separate leaves of the 
stock plants. The source plants were always maintained until evi- 
dence of successful infection appeared. If infection did not take 
place by reason of unfavorable conditions at the time of inoculation, 
inoculations were again made from the source plants. For instance, 
if A was used to inoculate B, A was not destroyed until B showed 
fresh pustules. If B gave no evidence of the presence of rust, another 
B was inoculated from A. The following rusts were used: Puccinia 
graminis on wheat, P. graminis on oats, P. graminis on barley, P. 
graminis on rye, P. rubsgo-vera on wheat, P. sumplex on barley, P. 
coronata on oats, and P. rubigo-vera on rye. 

The original source material was brought from the Minnesota Agri- 
cultural Experiment Station, October 5, 1906. Between that date 
and February 6, 1907, at least four transfers were made, probably 
as many as six or eight. During a part of the time the series were 
run at Minnesota and the remainder of the time at Washington, D. C. 
When transfers were to be made, heavily pustuled leaves were picked, 
inclosed in envelopes, and sent by mail. Inoculations were made on 
their arrival at their destination. Infection almost invariably took 
place readily. The transfers were necessary by reason of change of 
location of the men in charge of the experiments. 


SUMMARIES OF THE EXPERIMENTS. 


The foflowing tables give the dates when all inoculations were made 
as well as the number of successful infections from each inoculation: 
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TaBLeE III].—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts. 


Number 
Series aiate Ob of leaves Date 
letter. aan inocu- | matured. 
y lated 
1907. 1907. 
AVS Feb. 6 10 | Feb. 19 
1c Feb. 19 10 | Mar. 5 
(Oa ceeea eee Mar. 5 10 | Mar. 21 
IDs eae Mar. 26 10 | Apr. 8 
JSS Sees 1Nj OB ALY 310 | May 7 
F.. -| May 8 10 | May 27 
Gescescase May 28 10 } June 13 
18 Ee ee June 14 10 | June 25 
Lee eee June 25 10} July 8 
UG Be sare July 8 10 | July 23 
Kee nsek July 24 10 | Aug. 6 
eseonesss Aug. 7 10 | Aug. 21 
Mee a2 Aug. 22 10 | Sept. 8 
INGees else Dtsnng 10 | Sept. 25 
(OG case Sept. 26 10) | Oct. 48 
Py. Soe a Oct. 16 da Oct229 
Qa a Oct. 31 9 | Nov. 18 
IRessccoposl| NOs 20 10 | Dec. 10 
1908 
assesaees Dec. 12 ON | anes i 
1908. : 
ANE Aes Smear Janeaes si 10 | Jan. 25 
Wee Jan. 25 10 | Feb. 15 
Wats se cee Feb. 15 on) Mar 3 
Wises eee Mar. 3 10 | Mar. 19 
De eee sae Mar. 28 10 | Apr. 13 
Mees ING Als} 10 pr. 28 
(lis ee toe Apr. 28 10 | May 13 
AC ee Ee May 13 10 | May 26 
IBiBaee May 26 10 | June 12 
CCE June 12 10 | June 25 
IDIDasagsse June 25 10 | July 10 
1 eee July 10 10 | July 28 
ID Goes July 28 10 |} Aug. 12 
OiGissscece Aug. 12 10 | Sept. 1 
DES SS2 Sept. 1 10 | Sept. 17 
Ue eee Sept. 17 10°} Oct. 2 
Jaane OCisea2 105) Oct. 22 
Keka a Oct. 22 10 | Nov. 6 
eae Nov. 6 10 | Nov. 20 
MMe ase Nov. 20 10,| Dec. 12 
1909. 
NN... Dec. 12 10 | Jan. 10 
1909. 
OOn= Jan. 10 10} Feb. 7 
1s ee Feb. 7 8 | Feb. 23 
OO Feb. 23 9 | Mar. 14 
TRI Ree Mar. 14 10 | Mar. 30 
Wess aebse Mar. 30 10 | Apr. 12 
UM Caan Apr. 14 10 | Apr. 27 
Wire: Apr. 27 4} May 20 
VA eee ay 20 10 | June 14 
WwW..... June 14 10 | June 26 
YORE ae June 26 10 | July 7 
YN July 7 10 | July 21 
Tf bese July 21 10 | Aug. 2 
SALAVAS ES | Nuss 2 10 (20) 
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PUCCINIA GRAMINIS TRITICI ON WHEAT. 


Capital letter series. 


1 Pustules vigorous. 


(®) 


@) 


Number 
of leaves 
pustuled. 


Series 
letter. 


Lower-case letter series. 


| Date of 


| inocula- 
tio 


Number 
of leaves 
inocu- 
lated. 


= 
iq>) 

on 
— 


= 
1S) 
= 
i) 


e| 
f= 
Be: 
er) Geo 
De bh 


P 
= 
99 

bo 


mM SH 
Soene 
ie S| 
: 
bo bo e 
LITO OM WH AWM IWATNORO©o 


Dec. 10 


Number 
of leaves 


‘| pustuled. 


2Series sent from Washington, D. C., to Minneapolis, Minn. 
3 Inoculations made from material from dried leaves. 
4 Three leaves inoculated from dried material, two from fresh. 


5 Plus sign signifies ‘‘more than’’; i. e., exact number of leaves pustuled not noted. 


6 Series sent from Minneapolis, Minn., to Washington, D.C. 


7 Greenhouse excessively hot. 


8 Several. 
9Tnoculated from HH. 
10 Experiment discontinued. 


(09) 


36 THE RUSTS OF GRAINS IN THE UNITED STATES. 


Tasue II1.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA GRAMINIS AVENAE ON OATS. 


Capital letter series. Lower-case letter series. 
| 
Number Number 
Series ale of of leaves | Date ee Series eae of leaves | Date Pees 
letter. Hone inocu- | matured.| \ ctuled. | letter. a inocu- | matured. t ve 4 
j lated. P : on. isis. pustuled. 
1907 1907. 1907 1907 
BAe oy erry ake Feb. 6 10 | Feb. 19 WO) Bococoase Feb 0 | Feb. 19 14 
Beteao nee Feb. 19 OF Marie so 210 Desc Feb. 19 10} Mar. 5 12 
CEs Mar. 5 10 | Mar. 25 ACG Le Oar eis os Mar. 5 10.| Mar. 25 49 
IDs eee s Mar. 25 10 | Apr. 4 Ol) Clee ceSe Mar. 25 8| Apr. 4 7 
IOBeceaeses Apr. 17 10 | May 7 GIO.) @zscosoce Apr. 17 10 | May 7 69 
1a ae gk May 8 10 | May 26 IO: |) Wooogsdec May 8 10 | May 26 10 
Gee May 27 10 | June 10 OOo eee May 27 10 | June 10 10 
a BSE eee June 11 10 | June 23 Os |pheees June 11 10 | June 23 10 
SS eye June 24 10| July 8 NO S| Mire eee June 24 10| July 8 10 
sehacoore July 8 10 | July 21 CAN teeters July 8 10} July 21 10 
Kes ae July 22 10 | Aug. 6 Bil) |! esc July 22 10 | Aug. 6 10 
L Aug. 7 10 | Aug. 21 OH TRS ee ase 2 Aug. 7 10 | Aug. 21 10 
VRE Aug. 22 10 | Sept. 8 1@. |) to oecoe Aug. 22 10 | Sept. 8 10 
INES see Sept. 9 10 | Sept. 25 IO |) teeeosoooal! Seas 10 | Sept. 25 10 
QDR eras Sept. 26 10 | Oct. 8 (20) OP poscsoa|| Seok 20 ON ROCTI eS (20) 
Pesan oes Oct i 10 | Oct. 29 KO) |) Wasesessa)| Oxe, ile 10 | Oct. 29 10 
Qe ee Oct. 31 10 | Nov. 18 NO Glecc Oct. 31 10 | Nov. 18 10 
R Nov. 20 10 | Dec. 10 | SiR Seas B Nov. 20 8 | Dec. 10 8 
1908. 1908 
Seaiesesa Dec. 1 UO) }} desing: Y/ LOW iSisseseee Dec. 12 HO) dey, 7 10 
1908. 1908 
eS s|denils’ «7 10 |} Jan. 25 TOM tesserae Janae 10 | Jan. 25 10 
Wieae Jan. 25 » 10 | Feb. 15 NO less Jan. 25 10 | Feb. 15 10 
Dee hse Feb. 15 10 | Mar. 3 10 | v Feb. 15 LOM) Mare 3 10 
Wee Mar. 3 10 | Mar. 19 10 | wit_.... Mar. 3 10 | Mar. 19 10 
EXO aise cee Mar. 30 10 | Apr. 12 LO} exeee Mar. 30 10 | Apr. 12 10 
¥ Apr. 12 10 | Apr. 28 LOM yee Apr. 12 10 | Apr. 28 10 
list. Bh as Apr. 28 10 | May 13 WO PP Bssodoase Apr. 28 10 | May 13 10 
IRON eae May 13 10 | May 26 10 | aa. May 13 10 | May 206 10 
BIB ee May 26 10 | June 12 NO} NOS so8 May 26 10 | June 12 10 
CORSO Ae June 12 10 | June 25 10) | @@,seessc June 12 10 | June 25 10 
IDID)S June 25 10 | July 10 110) | Glélescoce June 25 10 | July 10 10 
I Biecocaec July 10 10 | July 28 NO | G25 ccense July 10 10 | July 28 10 
ANE eee July 28 9 | Aug. 12 120 | ff... -| July 28 10 | Aug. 12 13 0) 
Cres ocbe Aug. 13 14 A Eats cehatiedo))| hee cone ny aes ge. .| Aug. 12 4 | Sept. 1 3 
SS ee RO eaS ey EI see eM te SS ge IN Sex Sept. 1 8 | Sept. 17 (4) 
le bie beeen Sept. 17 103 | Oct a2 1110) )| IN Ne ooe oe Sept. 17 10 | Oct. 10 
NSPS Gara!) Oi 2 LOM KOcts 322 NO able Oct. 2 10 | Oct. 22 10 
ihe eh eee Oct. 22 10 | Nov. 6 LOM iieae Oct. 22 10 | Nov. 6 9 
1S Reese Noy. 6 10 | Nov. 20 Os keakes eras. oe Nov. 6 10 | Nov. 20 9 
| irl pee Nov. 20 10 | Dee. 12 OV eee Nov. 20 10 | Dec. 12 9 
1909 1909 
WOW Sone Dee. 12 10 | Jan. 10 (3) | sooton 558 Dec. 12 10 | Jan. 10 8 
1909 1909 
NN... Jan. 10 9} Feb. 7 ye |e Jan. 10 TOR Hebe 7 4 
OO} Fe: Feb. 7 10 | Feb. 23 10 | 00.. Hie De 4 10 | Feb. 23 10 
PIP oi eee Feb. 23 10 | Mar. 14 LOR SPDeeeeee Feb. 23 10 | Mar. 14 10 
Qe Mar. 14 10 | Mar. 30 NO: || CLBécceeo|) Miler, iz 10 | Mar. 30 10 
RR Mar. 30 10 | Apr. 12 Syl tls 65 gone Mar. 30 10 | Apr. 12 5 
Sisseseecuc Apr. 12 10 | Apr. 27 TOM MSS eee Apr. 12 10 | Apr. 27 10 
ANE aise ae Apr. 27 9 | May 20 Oi) Wbadoaaec Apr. 27 9 | May 20 9 
OU) May 20 10 | June 14 NO) Willan ssce May 20 10 | June 14 10 
WAVER Roos June 14 10 | June 26 11) || WAYseaeos June 14 10 | June 26 10 
WAVE sae June 26 10 | July 7 10 } ww.....| June 26 10) duly 7 10 
ORONO eaten Traliyowee 10 |} July 21 1Dall@-Oea nose July 7 10 | July 21 10 
WNGscabaeal) duly) Pal 10 (17) (27) WAY oe July 21 10 (17) (17) 


1 Pustules vigorous. 

2 Accidental infection by Puccinia coronata; plants discarded. 

3 Slightly mixed with Puccini coronata. 

4Mixed with Puccinia coronata. 

5 Series sent from Washington, D. C., to Minneapolis, Minn., April 8, 1907. 

6 Inoculations made from material from dried leaves. 

7 Badly mixed with Puccinia coronata. 

8 Tnoculations made from j. 

9 Series a from Minneapolis, Minn., to Washington, D. C., October 8, 1907. | 

10 Several. 

11 Series sent from Washington, D. C., to Minneapolis, Minn., March 19, 1908. 

12 Failure due to extreme heat in greenhouse. oe 

13 Five leaves pustuled with Puccinia coronata, accidental infection. Failure of Puccinia graminis due 
to extreme heat in greenhouse. 

14 Inoculated from EE. 

15 Not recorded. 

16 Inoculated from gg. 

17 Experiment discontinued. 
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THE AOIDIAL STAGE OF RUSTS. oH 


Tape II1.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA GRAMINIS HORDEI ON BARLEY. 


Capital letter series. Lower-case letter series. 


Date of Number 


Number 
of leaves Date of 


Date | Number of leaves 


Bate Number 


Series Series 


letter. | Mocula- | “inoeu- dy pc BleaNes a Matters 9) ect 2> | inocu: matured: | Cleaves 
oul tion. tated. HEELERS pustuled. tion. jatoae pustuled. 
1907 1907. 1907. 1907 
gs\eee -| Feb. 6 10 | Feb. 19 LN foal ee Bee eae Keb: 16 10 | Feb. 19 8 
Bee era es Feb. 19 10 | Mar. 5 LOS bese s| Reb: 19 10 | Mar. 5 8 
(CUE S aoe Mar. 5 10 | Mar. 25 1G) |) tee ckede Mar. 5 10 | Mar. 25 10 
Dee cscs ss Mar. 25 7 | Apr. 4 Ton edesee soe Mar. 25 10} Apr. 4 10 
E Apr. 17 310 | May 7 Tale e aseese © Noyes AW/ 7| May 7 8 
F May 7 10 | May 25 LOR ie ees May 7 10 | May 25 10 
G May 26 8 | June 13 A Pee May 26 8 | June 13 aEO 
lobe eee ae June 14 10 | June 25 44+5]h June 14 10 | June 25 445 
tae ee June 26 10 | July 9 OZ A see ee June 26 9} July 9 6§ 
1 Bee July 10 5) July 21 Sac July 10 9} July 21 7 
liga Sore July 22 10 |} Aug. 6 iL Oa Bkesese July 22 10 | Aug. 6 10 
1 Tsar Aug. 7 10 |} Aug. 21 SOMME 2 eee Aug. 7 10 | Aug. 21 10 
Mie at ee Aug. 22 10 | Sept. 8 LOR Brnseee Aug. 22 10 | Sept. 8 10 
INja Sept. 9 10 | Sept. 25 10;n .| Sept. 9 10 | Sept. 25 10 
O7., Sept. 26 1K) |} Oxe 8 (8) o7 .| Sept. 26 10; | Oct= <8 (8) 
Res Oct. 22 11 | Nov. 8 1 sp -| Oct. 16 9 | Oct. 29 9 
(Ope ee ee Nov. 9 10 | Nov. 20 10 | q || Ores ol 7 | Nov. 18 7 
Vice Nov. 20 9 | Dec. 10 By || Ba ener Nov. 20 9 | Dec. 10 8 
1908. 1908 
Saas eee Dec. 12 1) || dea 7 1Q)|), Soscchect Dec. 12 10 | Jan. 7 10 
1908 1908. 
ss Jan. 7 10 | Jan. 25 SON Rte eee Jana gl 10 | Jan. 25 10 10 
Wes Jan. 25 10 | Feb. 15 108} uw... Jan. 25 10 | Feb. 15 9 
Wise .| Feb. 15 10 | Mar. 3 HO Aveoe .| Feb. 15 10 | Mar. 3 10 
\W ent beesec Mar. 3 10 | Mar. 19 WO} Sythe oe Mar. 3 10 | Mar. 19 10 
DG ee Mar. 27. 10 | Apr. 18 (alex Mar. 27 10 | Apr. 13 6 
aY4 Apr. 138 10 | Apr. 28 4] y.. Apr. 13 10 | Apr. 28 3 
Vb pese eee Apr. 28 10-| May 13 OR zene Apr. 28 10 | May 13 5 
TN Nee eae May 13 10 | May 26 8 | aa May 13 6 | May 26 5 
Bi eee May 26 10 | June 12 Syl 1 OGecace May 26 10 | June 12 5 
CC ere: June 18 10 | July 10 EATORIRGC see June 18 10 | July 10 1 
ddtns July 10 7 | July 28 3 
GGsneseo3 July 28 7} Aug. 12 1 
ff Aug. 12 10 | Sept. 1 8 
(pee Seo e|| See 1 10 | Sept. 17 (8) 
EE ess: Sept. 17 10 || Oct. 2 1351 On| Phiheessee Sept. 17 10 | Oct. 2 8 
1 setae ee Oct. 2 10 | Oct. 22 NO iba sacce|) Cam 2 10 | Oct. 22 10 
itaesee ase Oct. 22 10 | Nov. 6 LON TEee Oct. 22 10 | Nov. 6 10 
TRG see Nov. 6 10 | Nov. 20 1) W de eee Nov. 6 10 | Nov. 20 10 
Ibi SS5ee Se Nov. 20 10 | Dee. 12 8 | ll Nov. 20 10 | Dee. 12 8 
1909. 1909. 
MEME 5S Dec. 12 10} Jan. 10 95 | mmee Dec. 12 8 | Jan. 10 5 
1909 1909 
NN Jan. 10 5 | Feb. 7 it |) tals oes Se Jan. 10 10 | Feb. 7 3 
OO Feb. 22 5 | Mar. 14 3 | 00 .| Feb. 22 6 | Mar. 14 2 
J Pal Bee eee Mar. 14 10 | Mar. 30 MO |) 7 DScGase Mar. 14 10 | Mar. 30 10 
OOP Mar. 30 10 | Apr. 12 YI) G@idacsse Mar. 30 10 | Apr. 14 6 
RR Apr. 12 10 | Apr. 27 i) || tere coedee Apr. 12 10 | Apr. 27 10 
Sisoacnnbe Apr. 27 10 | May 20 (GRSSe eee Apr. 27 4 | May 20 4 
ANA eee May 20 8 | June 14 iO Please May 20 10 | June 14 9 
Wiese June 14 10 | June 26 3) Ciblsesscc June 14 10 | June 26 8 
Bice June 26 10 | July 7 10 || vv..-..-} June 26 10 | July 7 10 
WW al daub = 3a LOS esulye 21 7| ww. July 7 10 | July 21 10 
EXEXG Ea July 21 10 | Aug. 2 LO Uy weXEK Eras ae 3 July 21 10 |} Aug. 2 10 
BYR Ven een | ATI. ee 10 (14) (14) NARs Aes 2 10 (14) (14) 


1 Pustules vigorous. 

2 Series sent from Washington, D. C., to Minneapolis, Minn., April 8, 1907. 

3 Three inoculations were made from material from dried leaves, 7 from fresh material shipped in pots. 

# Plus sign signifies ‘‘more than;”’ i. e., exact number of leaves pustuled not noted. 

5 Slugs destroyed 8 plants. 

6 Slugs destroyed 1 plant. 

és eels sent from Minneapolis, Minn., to Washington, D. C., October 8, 1907. 
everal. 

9 Pustules not as vigorous as usual. 

10 Pustules not vigorous. 

11 Series transferred from Washington, D. C., to Minneapolis, Minn., March 19, 1908. 

12 Failure due to extreme heat in greenhouse. 

13 Inoculated from gg. 

14 Experiment discontinued. 
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THE RUSTS OF GRAINS IN THE UNITED STATES. 


TasieE II1.—Summary of experiments to determine the vitality of successive wredo genéra- 
tions of various grain rusts—Continued. 


PUCCINIA GRAMINIS SECALIS ON RYE. 


Capital letter series. 


Lower-case letter series. 


Number Number 
Series Dale os ofleaves| Date . Sees Series Dee of leaves | Date Nae 
letter. ont eee matured. pustuled. etter. Saya ees matured. pustuled 
1907. 1907. 1907. 1907. 
(AR Sept Feb. 6 10 | Feb. 19 D3 (id. COB Sere Feb. 6 10 | Feb. 19 4 
Bz | Feb. 19 10 | Mar, 5 A soon Feb. 19 10 | Mar. 5 4 
Clee | Mar. 5 10 | Mar. 25 SikKCoeasse ae Mar. 5 10 | Mar. 25 5 
1D YP se ie | Apr. 4 4] Apr. 8 Suldiekaae Mar. 25 5| Apr. 8 3 
Dee Apr. 17 10 | May 7 Ae Ouse gee Apr. 17 39 | May 7 2 
1p. May 8 6 | May 26 (4) fies See May 8 10 | May 26 (4 
GIES eee May 27 5 | June 13 (4) ie Ae May 27 6 | June 13 fy 
1s (eecepees June 14 4 | June 26 OOM oes see June 14 9 | June 26 -60 
1909. 1909. 1909. 1909. 
IASACGE = 3. = July 7 10 | July 21 LOS |aaGae= Yui - 7 10 | July 21 10 
Bibeseecee | July 21 10 | Aug. 2 SU DDsacs oe July 21 10 | Aug. 2 8 
CC.. -| Aug. 2 Q's be Soa eee (7) (oe Aug. 2 CHO ieee a oe (7) 
PUCCINIA RUBIGO-VERA TRITICI ON WHEAT. 
1907. 1907. 1907. 1907. 
IAA Feb. 6 10 | Feb. 1 (|| Se B eaten Feb. 6 10 | Feb. 19 110 
IDeaseease Feb. 19 10) Mar. 5 Sil bseeeeree | Feb. 19 10 | Mar. 5 18 
Coin. Mar. 5 10 | Mar. 21 (4) (Oe a aes Mar. 5 10 | Mar. 21 (4) 
ID) Boe eseee Mar. 26 10 | Apr. 8 0) ) Glass ce Mar. 26 10; Apr. 8 Z 
TI oe os BANG 0} CAN Ll als Seereadl PAN eerie selmi hecmdy enn ere ORSH Saves: | Apr. 17 37| May 7 7 
Teele eae eed cs errr errant NER css ees || al eee comes eee | May 8 10 | May 28 9+45 
CC eo ee Aa ae I i ar lh eet Pe aera Bees oa May 29 9 | June 13 9-+5 
Jo C2 aa eee all eet eel a eet a Eek re nl ele ee aS ace hee June 14 10 | June 26 9+5 
1 coca Sere leh ES espe oer eee eee Redon a eee June 27 10| July 9 
Cs ee cee Is eS a toe ty OR RU eo aD lige seesae July 10 10 | July. 23 10 
Keg sti July 24 10 | Aug. 8 bul lalsesoaae July 24 10 | Aug. 8 10 
Spare ee Aug. 9 8 | Aug. 21 Oo ele eae Aug. 9 10 | Aug. 21 0 
1 Oe eee eras Aug. 22 116 | Sept. 10 Silt al erecta Aug. 22 116 | Sept. 10 5 
Wes eae Sept. 11 5 | Sept. 27 ei etna ee Sept. 11 9 | Sept. 27 9 
N 2 Sept. 28 9} Oct. 8 (4) Nae Sept. 28 10 OCta8 (4) 
OR a eee Oct. 24 8 | Nov. 8 i EO a ease Oct. 16 8 | Oct. 29 8 
Parris ee Nov. 9 7 | Nov. 20 lel eDeeeee cee Oct. 31 10 | Nov. 18 10 
Opa ee c Nov. 20 9 | Dee. 10 Die eemscce Nov. 20 10 | Dec. 10 10 
1908. 1908. 
Behe eet Dec. 12 LOS isan ee LOM Ree eee Dee. 12 LOR Svat 10 
1908. 1908. 
Se eae Jamas, 10 | Jan. 25 10) | -Sossessce Venn, = 7/ 10} Jan. 25 10 
AN ieeeiots epee Jan. 25 10 | Feb. 15 110) || hsscoaose Jan. 25 10 | Feb. 15 10 
Wiese Feb. 15 10 | Mar. 3 TOR Rules Feb. 15 10 | Mar. 3 10 
V 13. Mar. 3 10 | Mar. 19 TG)|) sytesse Mar. 3 10 | Mar. 19 10 
Wes ese Mar. 30 LOR eA Ieee WOH PEWasie ersice Mar. 30 10 | Apr. 13 10 
Ee Geass Apr. 13 10 | Apr. 28 CE a0. cae ieee A Apr. 13 10} Apr. 28 10 
BY geet tee Apr. 28 10 | May 13 ON yeess Apr.. 28 10 | May 13 10 
Vip eae May 13 10 | May 26 IO) Gey A ere ee May 13 10 | May 26 10 
NUNC RSE tie May 26 10 | June 12 110) || @Bscoeaae May 26 10 | June 12 10 
BIBeeeeaee June 12 10 | June 25 10) | (90s5c4e52 June 12 10 | June 25 10 
CCAS June 25 10 | July 10 IQ) GOscccese June 25 7| July 10 7 
IDID ESS eee July 10 10 | July 28 Sade ees July 10 10 | July 28 10 
ID De eae July 28 6| Aug. 12 PMNGE CS Gee aae July 28 10 | Aug. 12 5 
J aa eee Aug. 12 5 | Sept. 1 Ai atiggs “eae Aug. 12 10 | Sept. 1 7 
GGyeeee Sept. 1 3 | Sept. 17 (4) she a eee Sept. 1 9 | Sept. 17 (4) 
(14) 14) 
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1 Pustules vigorous. 


2 Series sent from Washington, D. C., to Minneapolis, Minn., April 8, 1907. 


3 Inoculations made from material from dried leaves. 


4 Several. 


5 Very hot when inoculations were made, hence no infection. 
6 Not successive to preceding inoculations; material obtained directly from the field. 
7 Failure due to extreme heat in greenhouse. 
8 Material from D destroyed in transit. 
9 Plus sign signifies ‘‘more than;”’ i. e., exact number of leaves pustuled not noted. 
10 Inoculations made from j. 
1 Inoculations made from K and k. 
12 Series sent from Minneapolis, Minn., to Washington, D. C., October 8, 1907. 
13 Series sent from Washington, D. C., to Minneapolis, Minn., March 19, 1908. 
14 Letters HH and hh were omitted in the series. 


THEH ACIDIAL STAGE OF RUSTS. 
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Tasie II1.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA RUBIGO-VERA TRITICI ON WHEAT—Continued. 


Capital letter series. 
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Number | 
Series patel of leaves 
letter. on inocu- | 
z lated 
1908. 
10 ee ee Sept. 17 8 
iste nae Oct. 10 
RO KGS as OGts 22 10 
| byl Dyer ee Nov. 6 10 
MOM Dean Nov. 20 9 
NN... Dec. 12 10 
1909. 
OO sssene Jan. 10 10 
12) BEN aie ies Feb. 7 7 
Ons ccoce Feb. 23 10 
Ree Mar. 14 10 
SSieeese5 Mar. 30 10 
AN eee Apr. 12 10 
Wi Rete Apr. 27 3 
VeVi ae May 20 10 
WaWiee June 14 8 
DO Cee eee. June 26 10 
VE Yes eee Tulivesied 10 
LiL ier July 31 10 
AGACAN SE =. Aug. 10 
1907 
iA a ee eeh|| Feb. 6 10 
1B ees eae | Feb. 19 10 
Cee Mar. 5 10 
IDO es ee Mar. 26 10 
ieee Apr. 17 27 
WWE Seer en May 8 10 
C= May 29 10 
1H eee ee ee June 14 10 
Rae ee June 26 10 
eee read re July 10 10 
Gg a July 24 10 
ies Aug. 9 10 
IMS priate Aug. 24 10 
INR sae Sept. 9 10 
OSE aes Sept. 28 10 
pe. Oct2 24) | 10 
Qi Nov. 9 9 
RES a eee Nov. 20 10 | 
See ae oes Dec. 12 10 
1908. 
Nees Vanes 10 
1D) aa eee AG. PAs 10 
Vise Feb. 15 10 
W 3___ Mar. 3 10 
RGAE Stee Mar. 30 10 
Vee ee Apr. 13 10 
[Lge ee Apr. 28 10 
aN nae | May 13 10 ; 
IB Be ee eee May 26 10 j 
CEs June 12 10 
ID D2 June 25 10 
Ieee July 10 10 
Ie ae July 28 9 | 
GGeees=. Aug. 12 4 | 
ssl eseose Sept. 1 10 | 


1 Experiments discontinued. 


Date 
matured. 


Number 
of leaves 
pustuled. 


(1) 


aaa....-- 


PUCCINIA SIMPLEX ON BARLEY. 


2 Several. 


3 Series sent from Washington, D. C., to Minneapolis, Minn. 


©) 


Lower-case letter series. 


Date of per Date Number 
inocula- | “jnocu- | matured.| Of leaves 
tion. lated: “| pustuled. 
1908. 1908. 
Sept. 17 LO ROCtsee2 10 
OCtee2 10 | Oct. 22 10 
Oct. 22 10 | Nov. 6 8 
Nov. 6 10 | Nov. 20 10 
Nov. 20 10 | Dee. 12 10 
1909. 
Dec. 12 10 | Jan. 10 7 
1909. 
Jan. 10 10 | Feb. 7 2 
Feb. 7 5 | Feb. 23 5 
Feb. 23 10 | Mar. 14 10 
Mar. 14 10 | Mar. 30 10 
Mar. 30 10 | Apr. 12 1 
Apr. 12 10 | Apr. 27 2 
Apr. 27 5 | May 20 5 
May 20 10 | June 14 9 
June 14 10 | June 26 9 
June 26 OR Paaliyenc a 10 
July 7 10 | July 21 10 
July 21 10 | Aug. 2 10 
Aug. 2 10 (1) (2) 
1907. 1907. 
Feb. 6 10} Feb. 19 10 
Feb. 19 10} Mar. 5 10 
Mara 5 10 | Mar. 26 (7) 
Mar. 26 10} Apr. 4 8 
Apr. 17 49| May 7 7 
May 8 10 | May 28 10 
May 29 10 |} June 13 10 
June 14 10 | June 25 (2) 
June 26 10| July 8 10 
July 10 10} July 23 10 
July 24 10 | Aug. 7 10 
Aug. 9 10 | Aug. 23 10 
Aug. 24 10 | Sept. 8 10 
Sept. 9 10 | Sept. 27 10 
Sept. 28 10 | Oct. 8 (2) 
Oct. 16 10 | Oct. 29 10 
Oct. 31 10 | Nov. 18 10 
Nov. 20 10 | Dec. 10 10 
1908. 
Dec. 12 10] Jan. 7 10 
1908. 
Janae | 10) | Jams 25 10 
Jan. 25 10 | Feb. 15 10 
Feb. 15 10 | Mar. 3 10 
Mar. 3 10 | Mar. 19 10 
IN oR 10 | Apr. 13 10 
Apr. 138 8 | Apr. 28 8 
Apr. 28 10 | May 13 10 
May 13 10 | May 26 10 
May 26 10 | June 12 10 
June 12 10 | June 25 10 
June 25 10 | July 10 10 
July 10 10 | July 28 10 
July 28 10 | Aug. 12 63 
Aug. 12 1 | Sept. 1 1 
Sept. 1 SHESeplsalZe assesses 


4 Inoculations made from material from dried leaves. 
5 Series sent from Minneapolis, Minn., to Washington, D. C., October 8, 1907. 
6 Extreme heat in greenhouse. 
7 Not recorded. 
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THE RUSTS OF GRAINS IN THE UNITED STATES. 


Tape III.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA SIMPLEX ON BARLEY—Continued. 


Capital letter series. 


Series 
letter. 


Date of 
inocula- 
tion. 


Lower-case letter series. 


| 


Number Number 
of leaves | Date pee Series ae Ok of leaves | Date ene 
Se matured. pustuled. letter aan es matured. pustuled 
1908. 1908. 1908. 
Oi) CGin 2 i TL ee re| ets] Olen 1I7/ ha Gin 4 
10 | Oct. 22 LO Ajj OCc ee 10 | Oct. 22 10 
10 | Nov. 6 iO} ikke eee | Oct. 22 10 | Nov. 6 10 
10 | Nov. 20 Oe eee BNO 10 | Nov. 20 10 
9 Dec. 12 Sul rncni Seee Nov. 20 10 | Dec. 12 9 
1999. 1909. 
7 | Jan. 10 (fi pial anes Dec. 12 10 | Jan. 10 9 
| 1909. 
8 | Feb. 7 4 00...- Jan. 10 10 | Feb. 7 7 
10 | Feb. 23 LOMA Oseouse Feb. 7 10 | Feb. 23 10 
10 | Mar. 14 TO) Ci@lossose Feb. 23 10 | Mar. 14 10 
10 | Mar. 30 10) Sree Mar. 14 10 | Mar. 30 10 
10 | Apr. 12 8) hSSaaeenee Mar. 30 10 | Apr. 12 6 
10 | Apr. 27 LON tb etasse Apr. 12 10 | Apr. 27 10 
4| May 20 As | es oe Apr. 27 7 | May 20 7 
10 | June 14 OM | Wavecesc May 20 10 | June 14 10 
10 | June 26 TOD WaWwieeee June 14 10 | June 26 10 
10 | July 7 (3 | paxexe ee June 26 10 | July 7 4 
10 | July 21 Os evan ee July 7 10 | July 21 9 
10 | Aug. 2 10 | yes Ae July 21 10| Aug. 2 10 
10 (4) () BOG. =| Aug. 2 8) @) 
PUCCINIA CORONATA ON OATS. 
1907. 1907 1907. 
10 | Feb. 19 2 Oi hae eee Feb. 6 10 | Feb.- 19 10 
9| Mar. 5 9 bess ee | Feb. 19 10} Mar. 5 10 
9 | Mar. 21 OAC eee Mar. 65 10} Mar. 21 10 
10 | Mar. 30 IMIG So esse | Mar. 21 10 | Mar. 30 10 
410| May 7 LOA ete e eee Apr. 17 410| May 7 10 
10 | May 26 OS Sis ener May 8 10 | May 26 10 
8 | June 10 Sines May 27 9} June 10 9 
10 |} June 23 10s sheets 2 June 11 10 | June 23 10 
10| July 8 LO) asso ees= June 24 10; July 8 10 
10} July 23 NOS ie ese e July 8 10 | July 23 10 
10}; Aug. 8 NOU keeisee= July 24 10 | Aug. 8 10 
10 | Aug. 23 LOS alse ee se Aug. 9 10 | Aug. 23 10 
10 | Sept. 10 Oe tis Sees ee Aug. 24 10 | Sept. 10 10 
10 | Sept. 27 On snes Sept. 11 10 | Sept. 27 10 
0) | SOG 2S (8) Oa ee Sept. 28 10} Oct. 8 (8) 
9! Nov. 8 8 pee Oxets  117/ 10 | Oct. 29 10 
10 | Nov. 18 OA Gieseseee Oct. 31 10 | Nov. 18 10 
9} Dee. 10 Ooh Ea Se eee Nov. 20 8 | Dec. 10 8 
1908 1908. 
LO} | Jana 1O: | See 2s2452 Dec. 12 10s) Jans 3 10 
1908. 
10 | Jan. 25 TOD Geese Jane’ 10 | Jan. 25 10 
10 | Feb. 15 NOE Uheeaacae Jan. 25 10 | Feb. 15 10 
LOS; aMar es LOH Mvgerserete Feb. 15 10 | Mar. 3 10 
10} Mar. 19 1s WANs ose cane Mar. 3 10 | Mar. 19 10 
10} Apr. 13 LOY exes rans Mar. 30 10 | Apr. 13 10 
10 |; Apr. 28 LON yee senses Apr. 13 10 | Apr. 28 10 
10 | May 13 IO) || Wsateecoe Apr. 28 10 | May 13 10 
10 | May 26 LOU aaese eee May 13 10 | May 26 10 
10 | June 12 LO sb baa oe May 26 10 | June 12 10 
10 | June 25 LOW RCCAEe se June 12 10 |} June 25 10 
10} July 10 10} Kddaea== June 25 10} July 10 10 
10 | July 28 10'| ee@s22-.- July 10 10 | July 28 10 
9| Aug. 12 Sal stiaeaa July 28 9} Aug. 12 8 
10 | Sept. 1 10) |) eee ee = Aug. 13 10} Sept. 1 10 


1 Experiments discontinued. 


2 Pustules vigorous. 


3 Series sent from Washington, D. C., to Minneapolis, Minn. 


4 Inoculations made from material from dried leaves. 


> Series sent from Minneapolis, Minn., to Washington, D. C. 


6 Several. 


har 
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THE ACIDIAL STAGE OF RUSTS. 
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Taste IIT.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA CORONATA ON OATS—Continued. 


Capital letter series. 


— 


Lower-case letter series. 


Number + Number 
Series pate ot of leaves} Date Ae Series eet ofleaves| Date pees 
letter. sion inocu- | matured. mecnied letter. Saal inocu- | matured. aeEnled 
; lated. nes : ? lated. pus 5 
1908. 1908. 1908. 1908. 
lel leAssos Sept. 1 10 | Sept. 17 (4) Ns eogec Sept. 1 10 | Sept. 17 (4) 
1 ose Sept. 17 10}; Oct... 2 Sy ele=e Sept. 17 10} Oct. 2 8 
Uidleuesupee Octs 2 10 | Oct. 22 10) Willoeesoos Oct 10) (Oets -22 10 
Keer Oct. 22 10 | Nov. 6 10 | kk. Oct. 22 10 | Nov. 6 10 
A eee Nov. 63 10 ; Nov. 20 ol  lleeeocoee Nov. 6 10 | Nov. 20 10 
MiMi Nov. 20 10 | Dec. 12 TON) emma a Nov. 20 10 | Dee. 12 10 
1909. 1909. 
INN geoaeae Dec. 12 10 | Jan. 10 |) We csaec Dec. 12 9} Jan. 10 9 
1909. 1909. 
OO ae Jan. 10 10 | Feb. 7 10 | OOseoacke Jan. 10 10] Feb. 7 5 
PAR eae Feb. 7 10 | Feb. 23 10) || WOsccace Feb. 7 10} Feb. 23 10 
Orns eecce Feb. 23 10 | Mar. 14 1) -Ci@laacose Feb. 23 10 | Mar. 14 10 
RR Mar. 14 10 | Mar. 30 NO) || TPS ao pees Mar. 14 10 | Mar. 30 10 
SSeesaetes Mar. 30 10) Apr. 12 SHlaSSieeeeer Mar. 30 10 | Apr. 12 6 
MD eo Apr. 12 LOS) Aton 27, I) | iscScocs Apr. 12 10 | Apr. 27 10 
WWiecesase Apr. 27 7| May 20 0) Wile Sooss Apr. 27 9.| May 20 9 
VAN ne May 20 10} June 14 11) WAvesoace May 20 10} June 14 10 
Wi Weeser2 June 14 10 | June 26 LOR AWiWaerreror= June 14 10 | June 26 10 
IXEXG ee June 26 LOD nally a7 Qu weXexen ene June 26 LON Waiulliyes 97 10 
ape en July 7 10} July 21 10 sATeS eae July 7 10 | July 21 10 
Vif hes Sie July 21 10} Aug. 2 NO) |) AAS csece July 21 10} Aug. 2 10 
AVAUAC SS Se Aug. 2 10 () (7) Bi sece Aug. 2 10 (2) (2) 
PUCCINIA RUBIGO-VERA SECALIS ON RYE. 
1907. 1907. 1907. 1907. 
TAR ea Feb. 6 10 |} Feb. 19 80) |) Goessace Feb. 6 10 | Feb. 19 310 
Baas Feb. 19 10 | Mar. 5 Ores aseise Hebe LOR a en LON Maris 5 8 
Cate ak Mar. 5 10 | Mar. 27 3! Ossouanue Mar. 5 10 | Mar. 25 (4) 
Dos Rs Mar. 27 SuleATpE. aS TIS oboe Se ee Mar. 27 B) | valores x3} 1 
LO Oey ee pee PANTO Tees jn | (Sree ei ae eres ein [Regence Greeters: Apr. 17 72| May 7 1 
AB yeenera teres ie ee epee mee ee RE ee ES eee org 1 el neen eyes May 8 10 | May 26 (4) 
CRs Bere er nemo cee s| Mere s wie Seine seis aoe (ee re May 27 10 | June 10 (4) 
lel sebieeua asonendop a Mono seeee Me pee anaes (errr eames iste Seer June 11 10 | June 25 (4) 
Bp Rae as | Saecnesos| See aeats Werke Soeteleesee eee eee June 26 10) July 8 u 
ees |B sere see Pees sere cellsis Secidsec|oseaee seen lleeceseac July 10 10 | July 23 10 
Ieper asters era tare are ee ail Soeare sional areata ee ae Kes sje nee July 24 10| Aug. 8 10 
epee | Rr soee sete Saieeicetac|ooccectedisseacas cee eeeee ase Aug. 9 10} Aug. 23 2 
lM a Goeaed Saoncucods Soo aT eee Se Seeer ee Sass eeemeae TMs Sea Aug. 24 10 | Sept. 10 10 
Nee Sept. 11 10 | Sept. 27 SOs I esesoce Sept. 11 10 | Sept. 27 10 
(OS ese Sept. 28 10:) Oct. 8 (4) Ons Sept. 28 101 Oct. 8 (4) 
1 aes eae eae Oct. 16 6 | Oct. 29 ON eresoee Oct. 16 5 | Oct. 3 5 
(AYES Oct. 31 10 | Nov. 18 all nGlseoaceoe Oct. 31 9 | Nov. 18 9 
Reon Nov. 20 10 | Dee. 10 LOE | st Breen Nov. 20 10 | Dee. 10 10 
1908. 1908. 
Sesceesoae Dec. 12 Sri ale 7 SlSeeae wel Dee. 12 10| Jan. 7 10 
1908. Z 1908. 
ES oe eee djghiigs 7/ 9| Jan. 25 LOM eee Jan: a7 9| Jan. 25 10 
Wie See Jan. 25 10 | Feb. 15 10} eee | Jan. 25 10} Feb. 15 10 
Wee aa Feb. 15 10| Mar. 3 10} | Wace Ss | Feb. 15 10| Mar. 3 10 
Wi reeruers Mar. 3 10 | Mar. 19 0) |) WP 2sbosee Mar. 3 10 | Mar. 19 10 
De eer Mar. 30 10 | Apr. 13 11) } SS c66ecc | Mar. 30 10} Apr. 13 10 
Noe eee Apr. 13 10 | Apr. 28 AO Veeee nace | Avpre 13 10 | Apr. 28 10 
Wisieenise cas Apr. 28 10 | May 13 || osssaand Apr. 28 10 | May 13 10 
ING Epa May 13 10 | May 26 10) | G2 sconce May 13 10 | May 26 10 
IBIBS € See May 26 10 | June 12 HO Ws soo6e May 26 10 | June 12 10 
CChaae= June 12 9} June 25 8) || @Opeseaec June 12 10 | June 25 10 
1D) Dee June 25 71 July, 10 Sylind deere June 25 101 July 10 10 
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1 Not recorded. 
2 Experiments discontinued. 
3 Pustules vigorous. 


4 Several. 


5 Series sent from Washington, D. C., to Minneapolis, Minn. 
6 Lost in transit. 
7 TInoculations made from material from dried leaves. 
8 Inoculations made from m. 
9 Series sent from Minneapolis, Minn., to Washington, D. C. 


42 


THE RUSTS OF GRAINS IN THE UNITED STATES. 


TasBiE I1I.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA RUBIGO-VERA SECALIS ON RYE—Continued. 


Capital letter series. 


Number 

Series | pas ofleaves| Date 

letter con inocu- |matured. 
: lated. 

| 1908. 1908. 
IDOE SSoaaue July 10 6] July 28 
Hee ee July 28 9| Aug. 12 
GG Aug. 13 8 | Sept. 1 
sole sees | Sept. 1 10 | Sept. 17 
ee ee Sept. 17 10 | Oct. 2 
(iis Seon Oct 2 10) | ‘Oct. 22 
IKeKee eee Oct. 22 10 | Nov. 6 
eee Nov. 6 8 | Nov. 20 
MIM: 2 Nov. 20 7| Dee. 12 

1909. 
NINES See Sec. 12 10 | Jan. 10 

1909. 

OM sso o556 Jan. 10 do \eneb aed 
LEM PRE ces aes Feb. 7 10 | Feb. 23 
OO Feb. 23 10 | Mar. 14 
IRR Mar. 14 10 | Mar. 30 
SWasdsesee Mar. 30 10 |} Apr. 12 
Esc! Apr. 12 10 | Apr. 27 
WiiWii Apr. 27 10 | May 20 
AVIV eee May 20 10 |} June 14 
WiAmenee June 14 8 | June 26 
EXEXC Ae LS June 26 107} duly 37 
pYSY Gee qibllhye 77/ 10 | July 21 

DL ate aoe July 21 10 (4) 


- Number 
of leaves 
pustuled. 


Lower-case letter series. 


. Number 
Series ofleaves| Date 
inocula. of leaves 
letter rien eae matured. pustuled. 
1908. 1908. 
CObLen ee July 10 4} July 28 4 
fiesta July 28 6} Aug. 12 10 
£8-------|----------|----------|----------]---------- 
nha Sept. 1 39] Sept. 17 (7) 
Ta Re oe Sept. 17 10 Oct 2 10 
jjsase Oct 2 10 | Oct. 22 10 
kckccr eae Oct=322 10 | Nov. 6 10 
LS Nov. 6 10 | Nov. 20 10 
mM eee | Nov. 20 9| Dec. 12 9 
1909. 
MN sGosce | Dee. 12 10 | Jan. 10 10 
1909. 
O0l S222 Jan. 1 10| Feb. 7 5 
PDeSscees KebeaG 8| Feb. 23 8 
Ola soaae Feb. 23 10 | Mar. 14 10 
Tee eee | Mar. 14 10} Mar. 30 10 
SSte eee ae Mar. 30 10 | Apr. 12 10 
these se Apr. 12 10 | Apr. 27 10 
UUte Sse Apr. 27 10} May 20 10 
ENA ese May 20 10 | June 14 10 
WAWeGGSe June 14 8 | June 26 8 
$2.2. eas Sese June 26 UD edie = 7 10 
NALHBaG EE July 7 10} July 21 8 
UH Pen ae tia | July 21 8 @ (4) 


PUCCINIA GRAMINIS TRITICI ON BARLEY FROM WHEAT. 


Original inoculation made Novy. 13, 1906. 


Number 


Date of inocu-| of leaves Date 
lation. inocu- matured. 
lated. 
1907 1907 
73Xj 03 ail a seesetsese ON Miayaiecoenees 
I Gh ety pee ee LON Mia ye29 hese 
Ma ive29 tere noe WOU eune res: 
june sik ses ease 10 | June 26_.__- 
JiiMe32622 see ee LOM Puilyes heer eee 
Jilly Seas eee LOW i Sulys2iee sas 
Julive22oerececee O58 CAI SGee seen 
TNs. pee eoSe ee 835 PATI S21 eee 
Aig 225- Siusepinseaeaees 
Septageeeseeee LO) | Septa25sees-e 
SOs HOsse bese OS OYetis Cl ecsosec 
Octaali(-25 22 as On ROCi20 eee 
Ociy3ie=== LON @Noweel82=esee 
INOW 20 2s2 eee 10;|/=Dees10z=2 
1908 
ID Os 1A oe 65| antsereessse 
1908. 
IN Oy Wee oasaae ST Nears Sse 
1 Extreme heat in greenhouse. 
2 Several. 


3 Inoculations made from GG. 
4 Experiments discontinued, 


Number 
of leaves 
pustuled. 


Original inoculation made Nov. 22, 1906. 


Number 
Date of inocu-}| of leaves Date 
lation. inocu- matured 
lated. 

1907. 1907 
Apre lessee 10 | May 7...-. 
MayrS sss asec 10 | May 26. -- 
WERT PY eocsSoe 10; edunestitsss 
une xt eee 10 | June 26___. 
June 26_... 10) ulya8ese— 
Julygs eee LOU eJulys 2iese 
Tialye22 eee LOT ATIC Oesee 
AUST eos LO) | PAs 21e=e- 
INDE Pos SSce 10 | Sept. 8.... 
Sept. 9.....-. 10 | Sept. 25... 
OciaiiE eee 874) |EOcts29s5— 
Ocia3leeee 10 | Nov. 18... 
INOW. 2053 107} DeceSt0ss— 

1908. 
IDE Gil Panisaeae 

1908. 

IND Ne ae 6a |p Maratea ee 


Number 
of leaves 
pustuled. 


5 The original material was obtained from wheat November 13 and 22, 1906. It was transferred to barley 


and was kept on barley continuously from that time. 


Notes on the inoculations from November 13 and 


22, respectively, to March 30, 1907, have been mislaid or lost; but six series of successful inoculations were 
made in each case at Washington, D. C., and on March 30 the successfully inoculated plants were sent to 


Minnesota. 
6 Pustules vigorous. 


7 Series sent from Minneapolis, Minn., to Washington, D. C., October, 8, 1907. 
8 Inoculations made from material pustuled September 25, 1907. 
9 Tnoculations made from material pustuled January 8, 1908. 
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The table gives the results from inoculations from this material, beginning with April 17, 1907. 


THE ACIDIAL STAGR OF RUSTS. 48 


Taste I11.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA GRAMINIS TRITICI ON BARLEY FROM WHEAT —Continued. 


Original inoculation made Nov. 13, 1906. Original inoculation made Nov. 22, 1906. 
Number Number | q 
Date of inocu- | ofleaves Date Numbes Date of inocu-| of leaves Date Nunes 
lation. inocu- matured. 4 lation. inocu- | matured. Res 
lated pustuled. ievead. | pustuled. 
| | 
1908 1908 1908 | 1908 
Marion ona: 10 | Mar. 191__ 10 | Mar. 3__- 10 | Mar. 19__- 10 
Mar 30h sescee LOR PAT 282 eee - Zev Mary 30h sse- 1) zo WA ese 8 
EMEA 2S8iencse ee = 1) |) Wieyy IB}. aoe LO PA release 6) PAcprs 288-2! 6 
Mayel a ees aan 10) | May: 260255252 10 | Apr. 28_-- LOS May 13225 -=- 9 
WENT Ade soeosee 10°) Sune 12-2 Gill ae Seer aS io Gaal RES Seer eee eget eee ene 
JUNE 2 ase VOM aly Ol Pd ahs ot clan bs Rese |e ee ee) = See er ee Al ee eae 
Suaily. (02 so set ee Tiles ea hE Mayalgees 6: 10 | May 26_...... 10 
Jilive2 Seen UA) INGE, ss te Zyl eave 2 Ome oe 10 | June 12____ 2 
JNK AAS ac eed Un SiO sccoase TTR ATES AP SS el ce oe, Sa ES epee ee I ee 
SOs Woes GY |letsiei Os LW/ so Gece EB 3) FS esas eset cat lls re Pees er | (ee eae 
Sept. 17___- OOCte 2s sass Bie] fe es POE aa Gel SUS see ee are eel Bere ely A a ie [See ge ere 
(OG Eas Soseae 10) |) *OXers Pe ease HUQ) Hs iro apes SVS ay ie gal pene mis Mee | ope Secs oy SE | Oe Sh cae ts 
OCte24eeeaee= WONIINOWS OS= seen UO) beso does ok Rs as Sade ae ete ere | een eer i ee bee eae a Ee 
Nov. 6...-. 10 | Nov. 20.. AU) Tes a eis ies a NS oe CT Reeve ere need wl eee eral 
INOWer20 eee 10) |) IDee Res See SUR Serpe on | re ema s | haves Say Se pce oa ee Sor 
1909. | 
De yee es Siiany Opes e =e C33] | aseaes ees eaes eae [Poe ete eed eA ee Pane (Conn En 
1909. | | 
dei, 10 seoeese | ABS 5 Shs 7a (ee Re eases ea |Rneeepeeenee [Eee an ees te bse |S seems 
Ie) OS Sane 7 | Feb. 23___ Sy | Rs ee | Be ee Ree ae ese tere eee nee 
Feb 23_- 16 | Mar. 14___ S| | es See ee [ee rere | era ye gE EN Ee | es pL a 
Marae oe 10 | Mar. 30___ UO Foe Ae a (Neg eel | ni oes oe | me 
Wigye, ROS 6 saSse HOM PASpre 12 Gf ts Se Sere RES eae gets Ne Seen RS ms ele cers 
NSPS REIS es SmeApred ass TA ep eee ea NORE ne (ee ae ee en Cage PN) 
INTO) V7 ee Pees Gul eMaye20 Res s-ee GO| Rese ee cecseiie ac eee eeeyee lee kia ase cee Ree has Sek Be 
May 20 ee ‘10 | June 14____ OD Ses eae cata Ss lI os seats el Ns Be ine ae hl et 
Jiuinewd 42535. 10 | June 26___. TO sd ets es cree ar eel Mes arg ae Sera ee At bre (ees ar 
Junerooe see: lee TO ediviny viene oe LOH eee eee eee is ake ek eee ee ee Leen 
Mitilivay doer (ON ithye2iesle ee * (DA aes ae es ee [eG teaatec hate yg Pate SO Al a eee 
Sly D0 es 2c TU) BIA hes Bee 1Ol| ee [Bese laeeesaeeee (fag taeee Cate es GRRE eta © <ye 8 
SANG 2 Sse OH ieee str ew ayeeisc ane (ities ee | BRE Pose | bee Heese oe SS tees 


PUCCINIA GRAMINIS HORDEI ON WHEAT FROM BARLEY.® 


Original inoculation made Nov. 14, 1906. Original inoculation made Novy. 22, 1906. 
Number Number a 
Date of inocu- | of leaves Date ames Date of inocu-| of leaves Date Nes 
lation. inocu- matured. tuled lation. inccu- matured. cave 
lated. ES Able lated. pustuled. 
1907 1907. 1907 1907 
Aptis BAR 7 Ee | NOR 7 110) |) NR eee eee 10 
IN BRO) 5 Soe LOU eNEaiye282o5 = On PMayasmaeaee- 10) May: 28255 == 10 
Mayi28= 525. 28 10 | June 11___- U || WEN Pe ssose 10 | June 11___- 10 
Wine Alpe 10 | June 24____ CAN diwiaye ke 10 | June 24____- 10 
JUNE 24 Se eee HORM thyeSwes = eee 4} June 24___-_ IO)! || Gibby Boe ee 6 
hilyeSieess LOL Ee dlye eee Wy) diel? Sess ace AKO) I dinlhy Wl = Sees 2 7 
iiliva22 ese Dia PAULO Oa ee 2| July 22 UO) ANGI Gosecose 8 
PANIC OEE se SeleAtie 2 lasers 85 |pAUS iiss AO} CAs. 21 == 10 
BANGLA 2D ee re) || MSOs law seo se Sh eA eas 22 eres LOU ESepisss-- see 10 
Sept. 9___- HOMESepin25 62s TORE SED tO eee ee=s 10 | Sept. 25... 10 
Otis OROCTH 29" eee GilvOGrRdBsssase Oi) OKs PO scescne 9 


1Series sent from Washington, D. C., to Minneapolis, Minn. 

2 Extreme heat in greenhouse. 

3 Accidentally mixed with Puccinia simplex; discarded. 

4 Notes not taken. 

5 The original material was obtained from barley November 14 and November 22, 1906. It was trans- 
ferred to wheat and was kept on wheat continuously from that time. Notes on the inoculations from 
November 14 and 22, respectively, to March 30, 1907, have been mislaid or lost; but six series of successful 
inoculations were made in each case at Washington, D. C., and on.March 30 the successfully inoculated 
plants were sent to Minnesota. The table gives the results from inoculations from this material, beginning 
with April 17, 1907. 

6 Series sent from Minneapolis, Minn., to Washington, D. C., October 8, 1907. 
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44 THE RUSTS OF GRAINS IN THE UNITED STATES. 


Tasie IIl.—Summary of experiments to determine the vitality of successive uredo genera- 
tions of various grain rusts—Continued. 


PUCCINIA GRAMINIS HORDEI ON WHEAT FROM BARLEY—Continued. 


Original inoculation made Nov. 14, 1906. Original inoculation made Nov. 22, 1906. 
Number Number 
Date of inocu- | ofleaves Date pubet Date ofinocu-| of leaves Date Number 
lation. | nee matured. pustuled. lation. an matured. pustuled. 

1907 1907 1907 1907 
Oct sles ee 8 eNova Sees || OC Bio ssssee OP NOW, Is5554< 9 
INOV20 ose 105} Dees Oe 1D) |) INNS Z0ss sac 10 | Dee. 10_- 10 

1908 1908 

Decrl2 Sesser 10) | dehng Se sence 105) Deer 12= 1}|| Veh Sas occuae 10 3 

1908 1908 
Janee2oseeeeees 1) |) Uk Woe soos 4) Jan. 25 10) || Delos US 52 e5c 10 
Bebyloesesseee Grip Marssieer ee 6 | Feb. 15__- 10 | Mar. 3__- 6 
Mar3seeeaceee UO) Wilken, WO occ ON Mors 3 ae HO | Wikre, Ws 10 
Mar.3l 2232222. 10) PAspral3== One Mars 3022 === LOR PApr- el Saas 9 
INDiaO cere = (| Apra2ts: 7 \eAspre 3a 83/CAiprse2 7 8 
APES Zi ss2eeece HOR SMa yalseees ee LON RADE 2 OP Maya {aes 10 
Mavel3 seeeneee 105|Maya26= se OS Me. yel 3 Bae LON eMaye20=er ee 10 
Mays26ae esos 10 | Sune 12-__- LOR Maye 205s eer= 10 | June 12__-- 10 
June 12255 22- 10 | June 25 LON une Tees 10 | June 25___. 10 
June 25225225 LON saitlyal OSS seer 10 | June 25___- IO) }) diet MO) soe 10 
julyelO saa NOM iulye28e= ener | eitly310 So ON Sitlive 2 See 7 
Dilys ose eae 10} ATI eS 12s ee Ghleiuly.2Sueeaee |) ING 1D 1 
iure 1D Lea eae 10) fSeptaleeceens Ona g wl omnes 10) KSopt eines 5 
Sepineleess 10M Septal ese (2) Sepia (2) SC pital eee (2) 
SCM M/eseoguc Oh Oe 2 odsssec LON ESept ies UO! || Otis Zeccosccs 10 
OXSt FS Scu5ade Os KOCES2452 se 10) |), Oxeir Ao Soascoc HOR RO Ct 24 ae 6 
OG RY EE ae Ose Nove seeeee Ohl) CKO Begs ake 9) Novato 5 
Nov. 6 -- 9} Nov. 20... Bal) INOW @scssece OF |\INowe20 525222 9 
INOWwes20 22s e ee 103)" Decsi2ee2 OU SNover20eeeeee U0) |) IDEs Wesco ooe 9 

1909. 1909. 

DCC Seas Op wan lO 9 | Dec. 12__- OF) denies Wee osce 8 

1909. 1909. 
Jans Ones 1ON heb xia ib |) Jem. WO eo os8se IO WAS Woasesco 4 
Rep aieccesoeke 3 | Feb. 23. 3) IP IRE OS Poencodee fe) eHebs2355 sere 7 
Ws Poscasece 10 | Mar. 14___ 10 | Feb. 23_- 8) Mars 422 sasee 8 
Mair al Ane eee 10 | Mar. 30__- | 10 | Mar. 14__- 10 | Mar. 30__- 10 
Marys0teeeness OR pAvp rag eee Sie Mar a0 nesses UO) |) Hore WD oe 8 
I\jor, Wisse aosae IO Noirs Ad aooe NO) Algor Wee ose NO! || NOR, As eae 10 
Apr2laccesn ee Si |>May. 20 22==- Si (PA Te2 a 4) May 20._- 4 
May 2058S)! 10 | June 14___. 10 | May 20.__...- 10 | June 14____. 10 
June 4- oe 10 | June 26____- 10 | June 14___- 10 | June 26__.- 10 
JUNE 26s aee ee NO) edie a5 sascec 10 | June 26_.-... NO) | ait Woe se caee 10 
Suilyaieeeneae LON Soiuliye2 eae LO} RUuliy eee NOs wii, Ble soon. 10 
julye2e eee JOD Awion 2 Sees 10 | July 21_-. # 10))| Angee Zee 10 
INGE Pp eocaosas 10 (3) (3) INOS Hon boos 10 (3) (3) 


1Series sent from Washington, D. C., to Minneapolis, Minn. 
2 Not recorded. 
3 Experiment discontinued. 


The lowered percentage of successful infections in July and August 
of 1907 and 1908 is noticeable and was due to the extreme heat in 
the greenhouses at the time of inoculation. The uredospore germi- 
nates either not at all or not nearly so well at the excessive tempera- 
tures of 90° to 100° F. and over, which then existed during parts of 
each day, as it does in more moderate temperatures, 55° to 75° F.; 
the germ tubes are injured and the host plants themselves become 
drawn and weak, reducing the chances for infection very markedly. 
Puccinia coronata, however, is noticeably resistant to heat and 
P. rubigo-vera on wheat is a close second, while P. graminis on oats 
is injured quickly and P. graminis on rye is killed by excessive tem- 
peratures. 
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WINTERING OF THE UREDO GENERATION. 45 


The most important point brought out by these experiments is 
that for 52 generations there is no apparent diminution of the vitality 
of the uredo generation due to continuous culture and the absence 
of the ecidio or teleuto generations. For this length of time, at least, 
there is no need for a sexual generation. How long successive uredo 
generations can continue without lowered vitality has not been de- 
termined, but these experiments indicate that they may continue 
for a very long period and that the uredo generation may be all 
sufficient. It must be noted that the number of successive inocula- 
tions in these experiments far exceeds the probable number under 
ordinary field conditions because they were continued throughout 
the winter months. Since 8 to 12 days (even up to 20 days and over 
in unfavorable weather) are necessary for infection and since prob- 
ably not more than 5 or 6 successive infections follow each other 
annually in field conditions, the inoculations in the above experi- 
ments are equivalent to 7 or 8 years of successive infection in the 


field. 
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HISTORY OF THE INVESTIGATIONS. 


The question whether or not the uredo stage of rusts lives over 
winter either as mycelium or in the spore form has been a much 
mooted one ever since De Bary demonstrated the hetercecism of 
Puceuma graminis in 1865. This problem has been investigated by 


many scientists in different countries and localities. 


Germany.—De Bary (12, p. 23) was one of the first of these investi- 
gators. He looked for the wintering of the mycelium of Puccinia 
gramims on Agropyron repens and Poa pratensis, but although 
heavily covered with rust in the field the same plants in the fol- 
lowing spring and summer remained rust free. He concluded that 
the rust mycelium is annual only, even in perennial grasses. 

Kuhn (66, p. 401) found the uredo of Puccinia coronata in all stages 
of development on Holcus lanatus in the middle of winter and main- 
tained that it developed without hindrance in the spring; on this 
account he considered a similar wintering in Puccinia graminis and P. 
rubigo-vera very possible. 

According to Eriksson and Henning (39, p. 38), Blomeyer (20, p. 
405) believed that Puccinia graminis was able to winter over in the 
uredo stage at Leipzig on account of the early appearance of P. 
graminis in the spring (latter part of May) at that place. 

Klebahn (63, p. 64) says that neither does Puccinia graminis appear 
to winter in the uredo stage nor P. coronifera avenae nor P. simplex, 
because oats and barley rarely, if ever, are grown as winter grains in 
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Germany. He considers the wintering of the uredo of P. dispersa 
(P. rubigo-vera) and of P. glumarum to be possible.t 


Denmark.—According to Eriksson and Henning (39, | Seewestey Bc 


Rostrup (87, p. 55) considered the wintering of the uredo of Puccinia 
graminis very possible in mild winters in Denmark, especially as it 
sometimes appears before the zcidium on the barberry. 

Sweden.—Eriksson and Henning (39, pp. 40, 41, 131) were unable 
to find that Puccinia on Agropyron repens, Dactylis glomerata, and 
Agrostis vulgare winters over in the uredo stage in Stockholm. They 
were inclined to believe, however, that Puccinia phlei-pratensis winters 
in the uredo. 

In a letter from Eriksson to the authors dated December 28, 1907, 
he states that his conclusions as to the wintering of the uredo of 
Puccinia phlei-pratensis published in Die Getreideroste, 1906, lack 
sufficient support; that conditions are very probably the.same for 


this rust as for the cereal rusts—. e., 1t does not winter in the uredo 


stage. 

The wintermg of the uredo of Puccinia dispersa, either as spore or 
mycelium, according to Eriksson and Henning, does not take place 
in Sweden (39, p. 218), and according to these authors the probabil- 
ity of the uredospore of P. glumarum, the yellow rust common in 
Scandinavia, England, and India, living over winter is very slght, 
at least in the vicinity of Stockholm. 

England.—Plowright (85, p. 234) found uredospores in England on 
Agropyron repens in December, 1881, and again in March; whether 
Puccinia graminis or P. rubigo-vera is not absolutely clear. He adds: 

This spring our Norfolk and Suffolk wheats were much affected with rust; some of 
this may be and probably was due to the Uredo linearis kept alive from the previous 
autumn, but the bulk of it was due to the uredo of Puccinia straminis (P. rubigo-vera), 
which is always an earlier uredo than that of P. graminis. 

The same author (84, p. 35) affirms that the uredo of Puccinia 
rubigo-vera can be found throughout the whole winter in England. 
Ward (99, p. 132) found viable uredospores of P. dispersa on Bromus 
during every month in the year. 

Biffen (17, pp. 241-253) believes that the yellow rust Puccinia 
glumarum also winters in the uredo stage in England. He says: 


The uredospore stage seems to be sufficient to enable the fungus to tide itself over 
the winter, for it is possible to find pustules of rust on the foliage of seli-sown wheat 


1 In an article which has appeared while this paper was in preparation Hecke (Naturwissenschaftliche 
Zeitschrift fiir Forst- und Landwirtschaft, vol. 9, pt. 1, Jan., 1911, pp. 44-53) brings forth experimental 
evidence to show that the uredo mycelium of yellow rust, Puccinia glumarum, winters over in the leavesof 
the winter grains at Vienna, Austria. He inoculated winter wheatsin pots October 28 and November 21, 
1909, left them in the greenhouse for three days, and brought them into the open, where they remained all 
winter. Pustules of yellow rust appeared March 28, 1911, on the-inoculated leaves, while control leaves 
remained rust free. In this instance the incubation period of this rust must have been four and five 
months, during which time the mycelium remained practically dormant. 
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or sometimes on the ordinary autumn-sown crops even in the depths of winter. The 
twisted leaves lying on the soil form a series of sheltered, moist chambers, on the 
inner surface of which the rust pustules are occasionally present in great numbers. 
These may develop with rapidity in the early spring, and at times as early as March 
the whole of the plant’s foliage may be yellow with rust. The winter’s cold does 
not appear to injure these spores, for they germinate readily when brought into the 
laboratory, and there can be little doubt that they serve to start tue epidemic in the 
spring, when conditions become favorable for infection. Under these circumstances 
it is not necessary to assume that the first appearance of any fungus in any season is 
dependent upon its being actually present in the embryo of the grain, spreading 
therefrom as the plant develops and ultimately producing its spores when the exter- 
nal conditions are favorable. 


Australia.—McAlpine (74, p. 27) believed it probable that the red- 
rust spores survive the winter in Australia and reproduce the fungus 
again in the spring or summer. 

Cobb (36, p. 186) says: 

During the past two years it has been proved that the wheat rusts, that is, Puccinia 
graminis and P. rubigo-vera, exist in the uredo stage all the year around in Australia. 

McAlpine (76, p. 20), from further observations on the wintering 
of rusts in Australia, says: 

When the winter is mild and green vegetation flourishes, the mycelium of the 
rust fungus may continue to grow and may even produce spores; whereas, if the 
winter is severe and the mycelium does not remain in the perennial part of the plant, 
then the continuance of the fungus is likely to be by teleutospores, which can last 
through the winter on dead stems or other decaying vegetable matter. The so-called 
wintering of the uredo depends so much on the climate that in a mild climate the 
.fungus may perpetuate itself exclusively by uredospores; whereas under severe 
conditions it has to. resort to teleutospores. 

He further observes that in Australia it is the heat and drought of 
summer which the rust must withstand, not the cold of winter, and 
hence Puccinia graminis produces only comparatively few teleuto- 
spores and lives over in the uredo stage in that country. During 
the winter it is found in abundance on volunteer grains. 

The same author cites numerous instances of the germination of 
the uredospore during winter. He says (76, p. 22): 

The uredo may become inured to unfavorable conditions, such as drought or cold, 
and carry on the life of the species independent of the teleutospore. 

Such adaptation is seen in this country in Puccinia verans Farl., 
which, in addition to the ordinary uredo, has a specialized form, a 
thick-walled, strongly papillate amphispore. which germinates only 
after a period of rest (31, pp. 22-25). 

United States —Bolley in 1889 (21, pp. 13, 14) proved by a series 
of observations that Puccima rubigo-vera on wheat near Lafayette, 
Ind., can pass the winter as “‘healthy fungal mycelium within the 
tissues of the leaves,” producing rust spores in abundance at the first 
appearance of warm weather in March. ‘The very early appearance 
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and prevalence of red rust, Puccinia rubigo-vera, is attributed in part 
to the ability of that species to winter its mycelium” (21, p. 14). 

Apparently the same instance is cited by him in a later publication 
22.5. LOT: 

The same author in 1891 (23, p. 260) says: 

The red rust (uredo of P. rubigo-vera and P. coronata) is developed to a greater or 
less extent during all months of the year in States south of Tennessee. * * * In 
the States north of this line there seem to be isolated cases in which the mycelium 
may persist through winter, dependent, apparently, chiefly upon the point whether 
the attacked portion of the host persists or not. 

Hitchcock and Carleton (57, p. 11; 29, p. 453) found in Kansas 
throughout the winter months (January 23-25, February 25, and 
March 1) viable uredospores of Puccinia rubigo-vera on wheat. They 
state: 

It would seem that the uredospores were not formed during the winter, but had 
retained their vitality since the preceding fall.1 

Again, Bolley (24, p. 894) says that fresh uredospores of Puccinia 
rubigo-vera can be found in the United States throughout the winter 
in States south of Ohio, and although new spores are not formed in 
States as far north as Indiana and Kansas during the coldest periods, 
those already formed retain their viability. 

Carleton (30, p. 21), in speaking of the uredo of Puccima rubigo- 
vera on wheat, says that the conclusions of Bolley, Hitchcock, and 
Carleton as to the wintering of the uredo have been confirmed and 
reconfirmed by him both in Kansas and in Maryland. 

In the Southern States the leaf rusts of both wheat and rye not only live but grow all 
winter. * * * In latitudes below 40° in this country, leaf rust of wheat is able to 
pass a perpetual existence in the uredo stage on wheat alone, without intervention of 
any other stage. . 

Again he maintains (30, p. 44) that Puccuna rubigo-vera secalis 
lives over winter in a similar manner, and it is his opinion that this 
rust ‘‘readily passes the winter as a uredo in all parts of the United 
States.” He found the uredo in great abundance in a patch of 
volunteer rye at Lincoln, Nebr., in November, 1897, and afterwards 
in midwinter in the same place. April 15, 1898— 
it was still present in considerable quantity, but was confined entirely to the leaves 
of the previous autumn’s growth and had without question lived through the winter, 
though the leaves were still somewhat green. 

Some of the uredospores germinated in water-drop cultures. Two 
days later the uredo was found in considerable quantity several 
miles from this locality. 


In neither case was there any production of new spores, and yet the spring was so 
far advanced that there could be no question about the continual growth of the rust. 


1 The minimum temperatures (F.) at this time were: For December, —9°; January, —1°; February, —6°. 
216 


WINTERING OF THE UREDO GENERATION. 49 


He did not demonstrate the wintering of the uredo of Puccvma 
coronata on oats, P. graminis tritici, or P. graminis avenae, although 
it is his opinion that P. coronata passes the winter in the uredo stage 
in the warm latitudes of the United States (30, pp. 49, 57, 64). 

In 1902-3, Christman (32, pp. 103, 104) showed that in the locality 
of Madison, Wis., the uredospores of Puccinia poarum would winter 
and germinate as late as March 13; of P. rubigo-vera secalis and P. 
rubigo-vera tritici, March 20. Numerous other collections and germi- 
nations were made throughout the winter from plants in exposed 
places, and the author concludes that— 
in the latitude of Madison and with a period of three months during which the tem- 
perature scarcely rises above the freezing point, viable uredospores may be obtained 
at practically any time during the winter. 

In investigations during the winter of 1904-5, Bolley (28, p. 642) © 
obtained a collection of viable uredospores of Puccima rubigo-vera 
in December and January in Kansas, Oklahoma, Missouri, Illinois, 
Wisconsin, Minnesota, and North Dakota. Viable uredospores of 
P. gramims were collected late in October at St. Louis, and December 
25 at Dallas, Tex. In January— 
quantities of them were being procured upon winter wheat at Riverside, Ill. Later 
some were procured in quack-grass at Lake City, Minn., and a quantity of viable 
spores were taken from the leaves of quack-grass and wild barley frozen in the ice at 
Fargo in March, 1905. 

RECENT EXPERIMENTS ON THE WINTERING OF THE UREDOSPORE. 


During the winter of 1906-7, the authors undertook to establish 
the extent of viability of the uredospore of various rusts in the 
vicinity of St. Paul, Minn. All material was collected on or near 
the Minnesota Agricultural Experiment Station farm. 

In the early fall suitable plants of Hordeum jubatum, Agropyron 
repens, A. tenerum, winter wheat, and fall-sown barley were selected. 
These were left undisturbed in the open field at the University farm. 
They had become thoroughly infected by either Puccuma graminis, 
P. rubigo-vera, or both. During the fall and winter, collections of 
uredospores were made from all hosts, selected every month and at 
times at intervals of two weeks. 

Portions of the various hosts were also collected November 20 and 
23 (1906); these were kept outside, were buried in snow December 
10, and left in this condition until March 20, 1907. Every month 
specimens from this supply were tested in the same manner as the 
material brought from the field. 

All tests were made in distilled water in watch crystals placed under 
a bell jar and kept at ordinary living-room temperature or a little 
above. In many instances the percentage of spores that germinated 
was determined by actual count, but generally rough estimates only 
were made. 
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Dates of collection and germination and summary of results are 


given in Tables IV and V. 


Taste LV.—Summary of experiments on the wintering of the uredospore at St. Paul, 


Date of collection 


and germination 


test. 


November 20, 1906. 


December 14, 1906 


December 27, 1906. 
January 25, 1907... 
February 15, 1907. 
March 16, 1907..... 


April 15, 1907 


November 20, 1906 
December 14, 1906. 
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February 15, 1907. 
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Minn. 
Time of 
Species. Host plant. incuba- ee 
tion. 
Hours. | Per cent. 
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Taste V.—Summary of germination results from uredo material kept buried in snow 
until germination tests were made. 


Date of germination test. Species. Host plant. 
| 
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The wide variation in percentage of germination in collections 
made at different times in these experiments is principally due to 
the fact that spores at the same stage of development and equally 
well protected can not be obtained twice in succession. It was 
noticeable that those spores which were just mature and remained 
well protected under the epidermis of the host were the most viable. 
In a large number of cases such spores seemed to be as healthy in the 
spring as they were in the fall. Those spores which broke through 
the epidermis, dropped off from the old mycelium, and rested loosely 
in the leaf sheath, seemed to lose their power of germination during 
the winter and would not germinate in the spring. 

The winter of 1906-7 in Minnesota was not abnormal, and much 
of the rust material collected was dug from under the snow and ice. 
A thaw during a part of January incased much of the material in 
frozen snow. About February 15 there was another thaw, and the 
Agropyron repens material in particular became incased in ice, which 
disappeared during the latter part of March. 

The tables show that a large per cent of the uredospores of Puccunia 
grammes on Hordeum jubatum, on Agropyron repens, and A. tenerum, 
collected from plants in the field, germinated throughout the winter, 
such germinations having been made November 20, December 14 and 
27, January 25, February 15, March 16, and April15. After April 15 
such spores were extremely hard to find in the locality under con- 
sideration, as most of them had germinated in the warm, humid days 
of early spring. Uredospores of the same rusts on Hordeum jubatum 
and Agropyron repens, collected November 20 and 23, kept outside 
until December 10 and then buried in snow, germinated on December 
10, January 8, February 9, and March 20. After that date the snow 
disappeared and the material could be kept no longer. The uredo- 
spores on Agropyron tenerum were tested only on December 10, on 
account of the scarcity of the material. 

Similar experiments with Puccvma rubigo-vera gave successful 
germinations from material on <Agropyron repens from the field 
November 29, December 14 and 27, and January 25, while the small 
amount collected on February 15 did not germinate; from material 
on Triticum vulgare (winter wheat) successful germinations were made 
November 20, December 14 and 27, and January 25, while after that 
date no material could be obtained; Puccima simplex on barley col- 
lected in the field germinated November 20, December 14, and Decem- 
ber 27. After that time no more could be found. 

Material of all three of these leaf rusts collected on their respective 
hosts November 20 and 23, kept outside until December 10 and then 
buried in snow, germinated December 10, January 8, February 9, and 
March 20. After that date no trials were made, 
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The uredospores of Puccinia graminis on Hordeum jubatum, Agro- 
pyron repens, and A. tenerum obtained from the natural field habitat 
have thus been demonstrated to retain their viability until April 15, 
and material from the two former kept buried in the snow until 
March 20 has also been shown to remain viable. Puccinia rubigo-vera 
on Agropyron repens and Triticum vulgare from the field have been 
demonstrated to germinate as late as February 15, and Puccinia 
simplex on Hordeum vulgare as late as December 27. After these 
dates no material could be obtained. A large per cent of the uredo- 
spores collected in the fall and kept buried in snow since December 10 
germinated as late as March 20, 1907. Bolley has shown that spores 
of Puccuma rubigo-vera collected in Minnesota April 9 and in North 
Dakota April 13, 1905, were viable (28, p. 649). Together with 
Bolley’s and Christman’s investigations cited above, these experi- 
ments demonstrate conclusively that it is possible for the uredo- 
spores of various stem and leaf rusts to retain their viability through- 
out the winter in Minnesota, North Dakota, and Wisconsin. 

How commonly the wintering of the uredospore in these northern 
States takes place is yet to be determined. Where snow remains 
throughout the winter, preventing alternate freezing and thawing of 
material thus covered, the wintermg of the uredospore is, perhaps, 
facilitated. Indeed, it is very probable that the uredospore sur- 
vives the winter more easily in the north, where snow is continuous 
during the winter, than in localities where snow covers the ground 
only at intermittent periods. Then, there is probably as good a 
chance, if not better, for the uredospore to winter in northern Min- 
nesota or southern Canada, as in southern Minnesota or Iowa. This 
view is also held by Bolley and Pritchard (28, p. 643). 

From Kansas south, it has been proved by Hitchcock and Carleton 
(57, p. 11) that Puccinia rubigo-vera winters very easily in the uredo 
stage, and undoubtedly this also holds true for P. graminis. In the 
springs of 1908 and 1909, the authors personally observed wheat 
fields in Texas and Oklahoma. During the latter part of April, 1908, 
both Puccinia graminis and P. rubigo-vera were extremely abun- 
dant on wheats at San Antonio, Tex. Farther north, at Amarillo, 
Tex., P. rubigo-vera was well scattered April 30, though not 
plentiful. At Stillwater, Okla., May 7, this rust was abundant. 
Wheats at San Antonio, in 1909, were heavily rusted April 4, with 
both P. graminis and P. rubigo-vera, and the superintendent of 
the San Antonio Experiment Farm said that a rust was abundant 
in the grain plats in February. 

There is, then, an abundance of rust spores in southern wheat fields 
in the early spring, and, according to investigations cited in this 
paper, there are also a large number of uredospores of Puccima 
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gramimis and P. rubigo-vera which have survived the winter in the 
north and are ready to infect the growing grain. 

The great problem for rusts in many places of the South, however, 
is not how to live over the winter, but how to pass through the 
extremely hot months of July, August, and September. This is 
especially true of the cereal rusts in portions of eastern and southern 
Texas, as volunteer grain is scarce at that time; but in northwest 
Texas the authors noticed vigorous rust pustules of both Puccima 
gramvms and P. rubigo-vera on volunteer wheat during September, 
1907, so that in the higher altitudes in the Southwest the rust does 
exist in the uredo form on volunteer grain in late summer and early 
fall. The early-sown fall wheat can thus become infected with spores 
from this source, as described later in this paper. 


DISSEMINATION OF THE UREDOSPORE. 
METHODS OF DISSEMINATION. 


Rusts in the uredo stage have been shown to be present in parts 
of both the North and South at almost all times of the year, and in 
order to explain their constant menace to the crops of the country it 
remains only to determine their means of dissemination. Rust spores 
are extremely numerous, hundreds occurring in a single pustule. 
They are very light, much more so than dust particles, which have 
been known to be carried in the air for hundreds of miles and dis- 
tributed over large territories in a few days. An example of the 
carrying power of the air is cited by Klebahn (63, pp. 66-68) who 
relates that dust clouds arising in northern Africa, March 9, 1901, 
were driven over a large part of the continent of Europe in the next 
two days. Corresponding dust showers were noticed March 9 and 
10 in Tunis, West Tripoli, and Algiers; early March 10 in southern 
Sicily; night of March 10-11 im the East Alps; early March 11 in 
Maingebiet; at 4.30 in the afternoon in Hamburg; and a little after 
midnight in the Danish Islands (Stege auf Moen). The dust was 
composed of clay, fine quartz particles, and other minerals, sup- 
posedly derived from the African deserts. 

Undoubtedly, rust spores, which are much lighter than these dust 
particles, can be carried more easily by the wind and air currents 
over as great, if not greater, distances. Rising into the air, these 
spores may reach the upper atmosphere and be carried hundreds of 
miles a day in whichever direction the air currents are moving. In 
this way innumerable rust spores may be carried from regions where 
they are plentiful, either by reason of the presence of the ecidial 
hosts, or overwintering uredos, to regions where grain is in a receptive 
condition. This interchange of spores between localities may take 
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place mainly from south to north in early spring and summer and 
from north to south in late summer and fall. Together with the 
wintering uredos in the North, such wind-carried spores from the 
South undoubtedly can cause early infection of the grains, and 
together with the spores on volunteer grains in the South the spores 
from the Northern States wafted south may serve to infect the winter 
grains as they come up in October and November. 

That large quantities of rust spores are present in the air at various 
times has been proved by many investigators. Klebahn (63, pp. 
69, 70) constructed cotton plates, leaving them in the open in trees 
in different places in Germany in the spring and summer at different 
periods. These cotton plates were then taken down and washed out 
carefully, and the water examined. Several thousand uredospores 
of Puccinia graminis and other rusts were found in each cotton mass, 
as well as mmumerable spores of other fungi. cidiospores and 
teleutospores were found very sparingly. Klebahn concludes that 
numberless spores are contained in the air and large numbers fall on a 
proportionally small space. He believes that since grains are almost 
universally cultivated, and are scarcely ever rust free, tremendous 
numbers of rust spores are carried into the air in every grain-growing 
country, and, as a consequence, there is a universal distribution of 
them. 

Experiments on this point have also been performed by the authors. 
On May 22, 1907, plates containing water were exposed for four hours 
at a time on top of one of the university buildings at Minneapolis, 
Minn., and aiso in an adjoining garden. On centrifuging this water 
and examining the sediment several uredospores were found, of both 
graminis and rubigo-vera types. Several teleutospores of Puccima 
graminis were also found. EK. C. Stakman performed similar experi- 
ments at St. Anthony Park, Minn., in April and May, 1910. Plates 

vith water were exposed in the field, outside the laboratory window, 
and at the top of a water-tank tower at a height of 100 feet or more. 
The direction of the wind was southeast. April 11, in a plate exposed 
outside the laboratory window for four hours, several uredos of a 
graminis form were found. April 11 and 12, from a plate exposed 
for 48 hours in the fieid, several uredos were found; and on the same 
dates in a plate exposed for 48 hours on top of the water tower over 
100 feet high, several uredospores of the graminis form were secured. 
On May 11, Stakman made a similar test and succeeded in germi- 
nating a uredospore of Puccinia graminis collected from the air at this 
time. These experiments of 1907 and 1910 were performed before 
uredospores began to appear in the field in new growth in that 
locality, and the spores must have come either from uredos wintering 
over in the North or from uredos borne from the wheat fields in the 
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South where fresh uredos of both Puccinia graminis and P. rubigo- 
vera forms are plentiful at this time of the year. This furnishes 
substantial evidence that Klebahn’s suppositions are correct, and 
rust spores may be considered fairly universal in distribution. 


VIABILITY OF THE UREDOSPORE. 


That spores can resist desiccation in air and maintain their via- 
bility when transported long distances has been proved by Bolley 
(24, p. 892). In July, 1898, he demonstrated that uredospores of 
Puccima rubigo-vera, exposed for 12 days on a dry watch glass placed 
in the sunlight, would germinate 80 to 100 per cent, and on August 4, 
spores placed in a similar place for 21 days would germinate from 
5 to 10 percent. July 25 and August 4, 1898, respectively, the 
same investigator proved that the uredo of P. graminis would give 
‘““oood”’ germination after being exposed for 12 days on a watch 
olass in direct sunlight, and gave 8 to 15 per cent germination after 
21 days on a watch glass in a similar position. 

Ward (102, p. 13) found that uredospores of Puccinia dispersa ger- 
minated after being kept dry for 61 days; and Miss Gibson, working 
in his laboratory, kept ecidiospores of Phragmidium for 54 days and 
uredospores of chrysanthemum rust for 94 days, when they still 
germinated. Carleton (31, pp. 21, 22), February 3, 1898, germinated 
uredospores of P. eryptandri collected in Oklahoma, October 8, 1897, 
and kept as herbarium specimens, and got successful infection on 
Sporobolus airoides from inoculations made February 6 from the 
same material. This is an extreme case of the viability of the 
uredospore when kept in a dry condition. | 

The authors have numerous times shipped uredo material of the 
cereal rusts through the mails from Minnesota to Washington, D. C., 
and vice versa, and from Texas to Washington, D. C., and have 
experienced no difficulty in producing successful infection on grow- 
ing plants, even after these spores had been lying in the iaboratory 
for several days after their arrival. The uredospore is thus seen to 
be sufficiently resistant to be transported long distances in a dry con- 

iticn by either the wind or other agencies. 


FIRST APPEARANCE OF RUSTS IN THE SPRING. 


From the facts cited concerning the viability of the uredospore 
and its almost universal distribution, the first spring infection of 
grains in northern latitudes and the infection of grains far removed 
from the ecidiai hosts of the rusts may be explained. Careful 
observations on the first appearance of rusts in the spring were made 
at Minnesota in 1907, 1908, and 1909. In 1907, Puccinia rubigo- 
vera on winter wheat was common up to the middle of April, when 
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the old leaves died and the rust. disappeared, not being noticed again 
until June 21. In 1908 this rust was first found in the field June 18, 
and in 1909, June 9. P. graminis was first found on winter wheat 
July 26, 1907, July 3, 1908, and July 5, 1909, while ecidia on bar- 
berries were producing spores in 1907 about June 15, in 1908 about 
June i, and in 1909 between June 14 and 26. Generally speaking, 
P. rubigo-vera tritict and eecidia on barberries appear at St. Paul, 
Minn., about the middle of June, and P. graminis tritici the first 
half of July—that is, from two to three weeks after the other two. 
Puccinia rubigo-vera is believed not to have any ecidial stage in 
this country. If this is so and the impossibility of direct infection 
from the teleutospore is granted, the appearance of this rust in spring 
must be accounted for by infection from wintering uredo, either as 
mycelium or spore, or by infection from wind-borne spores from 
fields farther south. Both methods are possible, and both un- 
doubtedly may be employed. That viable uredospores of this rust 
have not been found between April 15 and the first part of June in 
the locality under consideration might furnish some argument that 
infection from wintering uredos is not possible. Considerable light 
is thrown upon this question by a study of the difference in length 
of incubation period of rusts under varying conditions. Under the 
cool temperatures of early spring the incubation period—that is, the 
time from inoculation until pustules appear—is lengthened from 
7 to 10 days in warm weather to between 3 and 4 weeks and possibly 
more in cool weather. This lengthened incubation period under cool 
temperatures has been noticed many times by various investigators. 
In 1910, experiments on this point were performed in warm and 
cool greenhouses at Washington, D.C. A large number of oat plants 
were inoculated with the uredo of Puccunia graminis February 3, 1910. 
Half of them were placed in a house where the temperatures ranged 
between 42° and 67° F., reaching 70° F. for an hour or two February 
8 and 14, and the other half were placed in a greenhouse where the 
temperatures ranged between 62° and 90° F. On the plants kept in 
the cool house pustules began to appear after a period of 18 days, 
while on the plants kept in the warm house pustules were abundant 
after 8 days. Puccinia graminis on wheat under similar conditions 
began to show pustules after 16 days on plants kept in the cool 
house, while pustules were abundant after 6 days on plants kept in 
the warm house. Could the temperatures in the cool house have 
been kept consistently lower than those indicated, undoubtedly the 
incubation period would have been considerably lengthened. Christ- 
man (32, p. 106) made similar observations in 1903 at Madison, Wis. 
He noticed an early outbreak of uredospores of Puccinia rubigo-vera 
on winter wheat and rye between March 20 and April 3, 1903. This 
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disappeared, and from April 8, a period of about four weeks, it was 
impossible to find a single spore. On May 6 new leaves began to 
show a diseased appearance. On May 13 open pustules were found 
in abundance. He states further that he has found by experiments 
that in the cooler weather of spring the incubation period following 
inoculation with uredospores is lengthened to between three and four 
weeks, and this explains the existence of a period with no rust after 
the first- attack. 

The winter leaves die in the early spring and with them the winter mycelium, but 
not until it has produced uredospores which inoculate the new leaves. Then follows 
a period of incubation which may be lengthened more or less according to the tem- 
perature and other conditions in the spring. 

This, then, is one way to account for the spring appearance of 
Puccima rubigo-vera in the middle Northwest. The other way is the 
infection of the grains from spores carried in the air from the South. - 
Té has been shown in this paper that P. rubigo-vera winters in the 
vegetative uredo stage in Kansas and Nebraska, producing spores on 
the winter grains in March and April. This is true, also, of a large 
part of the Atlantic Coast States, particularly Maryland and Virginia. 
These spores may be carried by the winds farther north during the 
months of April and May, becoming generally distributed. Inocula- 
tion may then be cumulative—i. e., spores may fall on fields from time 
to time during several weeks in April and May without any apparent 
effect. Then, when moisture and temperature conditions become 
just right, a general, though sparing, outbreak may take place over 
large territories within a few days. After this first outbreak spores 
will be present in abundance and the attack may spread rapidly. 

Puccinia graminis in the Middle Northwest makes its first appear- 
ance from two to three weeks after the appearance of ecidia on bar- 
berries. From this it may be argued that the first infection always 
comes from the xcidiospore. Barberries are grown as hedges and 
ornamental shrubs here and there in the Middle Northwest, and cer- 
tainly are the cause of more or less local excidiospore infection, but 


‘the appearance of P. graminis over large territories within a few days 


is to be accounted for in other ways. The wintering of the uredo 
in the North and also wind-blown spores from southern fields in the 
progressive northward march of this rust are, perhaps, the most 
important agencies in its first appearance, just as in the case of 
P. rubvgo-vera. Another possibility is the transfer of the uredo of 
P. gramims from the wild grasses, especially Hordeum jubatum, 
Agropyron repens, and A. tenerum. Viable uredos have been found 
in these grasses as late as April 15, and undoubtedly occur even later 
in the season. That the graminis form on these grasses may affect 
wheat has been demonstrated; but the new crop of uredospores on 
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these grasses in the Dakotas and Minnesota generally appears later 
than the uredo in the cereals, so that the first infection, if it comes 
from them, must come from wintering uredos.' 

Careful studies of the wintering of Puccona coronata and P. grami- 
nis on oats have not been made and a discussion of them is omitted. 
Undoubtedly the first appearance of these rusts in the spring will also 
be found to result from wintering uredos and wind-borne spores. 


EPIDEMICS. 


GENERAL DISCUSSION. 


At irregular intervals of several years wheat-rust epidemics, more 
or less general, occur throughout the country. That these depend 
to a great extent on climatological conditions is quite generally 
believed. Periods of excessive rainfall, followed by warm, muggy 
days, are supposed to be favorable to their development. Why this 
should be so is not generally understood, and numerous instances 
where epidemics have not occurred, even after such climatological 
conditions, might be cited. On the other hand, in some parts of the 
country, south-central Texas for instance, rust is abundant almost 
every year in spite of frequent droughts during the maturing period 
of the grain. 


CONDITIONS FAVORABLE FOR AN EPIDEMIC. 


At least three conditions must be fulfilled before an epidemic can 
occur: (1) A sufficient number of rust spores must be present on the 
erowing grain to give the fungus a start; (2) the humidity and tem- 
perature conditions must be favorable for the germination of these 
spores and consequent infection; (3) the grain must be in a receptive 
condition. 

The first condition, very probably, is satisfied almost every year in 
the main grain-growing regions by the presence of overwintering 
uredos, wind-blown uredospores, or ecidiospores. However, if such 
spores are unusually abundant, as they may be after a favorable 


1 A full discussion and consideration of Eriksson’s mycoplasm theory published in Compt. Rend., 1897, 
pp. 475-477, and further treated in Eriksson’s later publications, is omitted for lack of space. In this 
theory Eriksson holds that the rust fungus “lives for a long time a latent symbiotic life as a mycoplasma 
in the cells of the embryo and of the resulting plant, and that only a short time before the eruption of the 
pustules, when outer conditions are favorable, it develops into a visible state, assuming the form of a 
mycelium.’’ External infection is given only secondary importance. This theory has been severely 
criticized by H. Marshall Ward in “ History of Uredo dispersa Erikss., and the ‘Mycoplasm hypothesis.’”’ 
Philosophic Transactions of the Royal Society, series B, vol. 196, pp. 29-46, and in ‘‘ Recent Researches on 
the Parasitism of Fungi,” Annals of Botany, vol. 19, 1905, pp. 1-45, and Klebahn (63, pp. 72-76). Eriksson 
defends his position in Arkiv fur Botanik, vol. 3, 1905, pp. 1-54, and in later articles. The subject is still 
a live one and readers are referred to the various authors cited for full discussions of it. The authors of 
this bulletin have found no evidence which can be said to substantiate the mycoplasm theory. On the 
other hand, the wintering over of the rusts, as shown above, can be reasonably explained without the 
assistance of Eriksson’s theory. 
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winter and spring, the first infection may be heavy and widespread 
and the chances for an epidemic may be increased in proportion. 
Thus, the presence and unusual rustiness of barberries in any one 
district and consequent abundance of scidiospores in that district are 
favorable for a local epidemic, and an abundance of uredospores pro- 
duced on winter grains in mild climates, or wintering in colder cli- 
mates and then distributed by the wind, may have the same effect 
over wider areas. That such wintering uredos and wind-blown 
spores are usually present in sufficient quantities to give the rust a 
good start is fairly well established. The multiplication and dissemi- 
nation of these spores may extend over a period of several weeks and 
may even be facilitated by periods of dry, windy weather under 
temperature and moisture conditions in which germination will not 
take place. 

Whether or not these spores cause infection after falling on the 
grain depends upon various conditions. Sudden showers at this 
time undoubtedly wash off many of the spores before germination 
occurs, while fairly humid conditions and moderate temperatures 
are not only favorable but almost absolutely necessary for infection. 
Cool nights with an abundance of dew and humid, misty days in 
which the grain remains moist from 12 to 24 hours at a time are 
exceedingly favorable and are far better than periods of excessive 
rainfall, due to sudden showers, with periods of hot sunshine between. 
Contrary to the general belief, moderately cool and even subnormal 
temperatures are more favorable for spore germination and infection 
of the grain than higher temperatures. Thus, in the excessive tem- 
peratures which often occur in the Middle Northwest in July and 
August, it is exceedingly difficult to produce rust infection by many 
of the rusts even though moisture and other conditions are favorable. 

Marshall Ward (98, p. 233) has shown that in the case of the brown 
rust of bromes, Puccinia dispersa Erikss., germination of the uredo- 
spore will not take place at temperatures much above 26° to 27.5° C. 
(7S- Sonor sieoe ke) or below V0> to 12> C. (502 to 53:6> F.), wall not 
germinate at all at 30° C. (86° F.), and will produce maximum ger- 
mination at about 20° C. (68° F.). The different species and varie- 
ties or biologic forms of rusts vary somewhat in this respect, but 
moderately cool temperatures are more favorable for germination 
(and consequent infection) of the uredospore of most of them than 
excessively high temperatures. Even after infection has taken place 
excessive temperatures may inhibit to some extent the development 
of the rust, while moderate temperatures will aid its development. 

The presence and germination of rusts bemg accounted for, it 
remains to be seen when the grains are in the most receptive condi- 
tion. In 1908 and 1909 the authors investigated this pomt for 
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Puccinia graminis both in Texas and Minnesota. Hundreds of 
wheat plants in field conditions were imoculated with spores of 
P. graminis by pouring over the head and culm water filled with 
fresh spores. Plants at all stages of development, from the time 
when the head was still in the boot to the time when the grains were 
half filled, were used for the nmoculations. It was found that plants 
inoculated from the time when the heads emerge from the boot until 
they are in full bloom rusted far more than plants inoculated either 
before or after this stage of development. Just why the wheat 
should be very susceptible to a rust attack at this time requires fur- 
ther study. There may be a particular physiological weakness due 
to the rapid growth and abundant elaboration of starch at this period 
and the susceptibility of the grain may be increased on that account. 
Whatever may be the cause, the critical period for wheat with regard 
to attacks of P. graminis is during the heading time, a period of about 
10 days for any one locality. If for any reason this period is delayed 
or lengthened, the number of uredospores falling on each plant is 
very considerably increased, infections have a longer time in which to 
develop, and the danger of an epidemic is imminent. 


CLIMATOLOGICAL CONDITIONS IN RELATION TO RUSTS IN 1903, 1904, 
AND 1905. 


To determine how closely the conditions favorable for rust epi- 
demics have been approximated in years of severe rust, a study has 
been made of the climatological conditions over the important wheat 
States in the Mississippi Valley from the Gulf to Canada for the 
years 1903, 1904, and 1905. Rusts were fairly abundant in 1903, 
though not strikingly.so. In 1904 an epidemic occurred which was 
particularly severe over North and South Dakota, Minnesota, and 
parts of Iowa, while in 1905 the rust, though not epidemical, was 
present in great abundance, causing considerable damage in certain 
localities, particularly in North Dakota and South Dakota. 

Wheat heads out in April in southern Texas; in May im northern 
Texas and Oklahoma, Kansas, and Missouri; in June in Nebraska 
and Iowa; and in July in South Dakota, Minnesota, and parts of Wis- 
consin. These three months, then, include the critical period for the 
several States, that is, the period when rust infection develops and 
an epidemic, if it occurs, gets its initial impulse. The critical period 
at any one place would normally not extend over 10 days or two 
weeks. 

PRECIPITATION. 

Table VI summarizes the precipitation records for several periods 

in 1903, 1904, and 1905 in the important wheat States mentioned 


above. 
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TasLeE VI.—Precipitation records, showing average monthly departure in inches from 
normal tn several States in 1903, 1904, and 1905. 
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Average monthly..........-.- + .63\)+ .37)\— .O1/— .63/+ .66/+ .55/4+ .80)4+ .18)/4+ .50)4 .45)4 .35 
Of 3 crop months— | | | | | | 
Mcemmullative ===. -\--2 =) +6. 53/+-4. 89/1. 26)— .88)+-4. 21)+-2. 96) +7. 05)+-3. 30|+-5. 11/+-4. 53)+3.89 
Average monthly..--..--- \+2.17)+1.63 + .42 — .29+1.40+ .98 +2.35)+1.10)+1.70 +1.51)+1.29 
Of month containing critical | | | 
[Deriod ese eae ee soe ee +3. 44/+1.38 + -45)-+ -03/+1.24+1 |+1.28)+1.44)+ .59 — 31 +1.05 
The precipitation records (Table VI) for this region for the seven 


months preceding harvest and the plotted monthly mean departure 
from normal (fig. 1) show that the precipitation in all the States 
except Kansas and Missouri averaged slightly above normal in 1903 
(A), was below normal in 1904 (8), and was again above normal in 


1905 (C). 
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heading of the grain, that is, the main growing period, it is seen that 
in 1903 the monthly precipitation was above normal im all the States 
with the exception of North Dakota, averaging 0.68 inch above 
(D); in 1904 the monthly precipitation was above normal in only 
three States, Kansas, Missouri, and North Dakota, bemg below nor- 
mal in all the others, averaging slightly above normal for the dis- 
trict (F); and in 1905 

the monthly precipita- 
tion was above normal 

Ae ie in all the States with 
the exception of Mis- 
sourl, averaging 1.29 
inches above normal 
(F). In considering 
the month during 
which the grain in the 
different States heads 
out, it is seen that in 
1903 the precipitation 
was below normal in 
Texas, Nebraska, Iowa, 
and North Dakota, and 
‘above normal in the 
other States, averag- 
ing 0.78 inch above for 
the district (@). In 
1904 precipitation was 
above normal in some 
States and below nor- 


Fic. 1.—Precipitation chart, showing average monthly departure : 
from normal in several States in 1903, 1904, and 1905. x, Normal mal in others, averag- 


un or oai pele reser ee ee 

grain; X’’, normal line for 1 month including the heading period; the district ( H ) In 

dea mena 2 Bee Ge 1s ee 

during the periods indicated, respectively, the distance between | generally excessive 

two adjacent horizontal lines representing 1 inch of rainfall. over the wh oler egi on, 
with the exception of Wisconsin, averaging 1.05 inches above for 
the States collectively (J). 

In considering the precipitation record for the three years, whether 
for the seven months preceding harvest, for the 3-month growing 
period in each State, or for the month in which the heading period 
occurs in each State, it is found that the year 1905 was wetter than 
either of the other two. If rust depends wholly on the amount of 
precipitation, whether in a 7-month period, 3-month growing period, 
or 1l-month heading period, the year 1905 should have had more 
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rust than either 1903 or 1904, while, as a matter of fact, the year 
1904 had the most rust. 


RELATIVE HUMIDITY. 


Tf the development of rust were in direct proportion to the relative 
humidity over the whole region, 1905 should have had more than 
either 1903 or 1904, as the relative humidity during the month con- 
taining the critical period averaged akout normal in 1903, about 12 
per cent above normal in 1904, and approximately 6 per cent above 
normal in 1905 (78).1 Of course a certain degree of humidity is 
necessary for rust development, but an excess over this degree ap- 
parently does not increase its virulence. 


TEMPERATURE. 


Table VII summarizes the temperature records for the several 
periods in 1903, 1904, and 1905 in the important States of the wheat- 
erowlng region. 


TasLe VII.—Temperature record, showing the average monthly departure. (in degrees 
Fahrenheit) from normal in several States in 1903, 1904, and 1905. 


1903. 
. Ne- | - South North) 4,; : 
Okla- |} Kan-| Mis- | | Min- | Wis- | Aver- 
Ome Texas.) homa.| sas. | souri. pres. TOM ee | ea nesota.|consin.| age. 
Octoberssha-- oot Oya see a | ae | heroes ee ea So Se a eimai sae ce seealts se Alp es oe 
iNOVenlberas sas eee eceee a ae Olt eo teoel | tee reo toe fetoi | eeerrere alll Sixrayayarei a | iene erie opera cee Saale aire alte anaes 
WeCeMUbers 5. ese ek aS = AAG |— 2.3)5|—95: 00|— 2.4 |—476 |— 3.5 oo. .-2-|2-4.-- |. 2-2-3: |e raeee pba rau 
JOURN oo cacose csaeeeases = 2) La i+3.0 [= 1.0 |4-6.1 | 3.5 |-+ 0.8 J+ 2.7 J+ 1.00)4+ 1.8 |...-2- 
IMG OMOMID~ secs cn soooue Boo. — 2.7 |— 2.1 |—2.6 0 |j-4.7 — .2|— 3.8 |— 3.5 |— 1.00)+ .8[.....- 
Manche saree alee aes: — 1.5 |/4+ .1/42.1 |4+ 4.8 |4+1.6 + 6.6 |+ 2.9 |+ 4.5 |4+ 4.7 |4 8.6]_...-- 
AN nil eeict ee eet sce —1.8)/—1.3]/—.3|/4+ .4]4+ .1 + .3 Des ees eSe Se AE 8s loocaoe 
WEN Go eodSaS oe ea SESE ees aeoaeee — 3.2 |— .2 Ota onl e lcten Onl cten deero a |eeeeees 
UUs. — soos koasae See ee ee aaa | Beecer emacs Mae nese —5 |— 5.6)— 2.2 |— 1.6 |— 2.6 !— 4.1 ]...... 
SSiLT hy eee oe ae eee ate iaial sc acine alesis Sare| aoe Se clemeaees 2256) is | eee 
Departure from normal: 
Accumulative...-.--- j— 2.4 )]— 2.1 |4+1.9 |411.2 |—7.7 |+ 2.5 |— 4.8 |+ 2.4 |/— .30/+ 7.8 |+0.85 
Average monthly..... i\—  -.384——s «3 J 227/44 1.6 |—1.10+ .35)— .68)4+° .34/— .04/4+ 1.1 |+ .12 
Of 3 crop months— | 
Accumulative ....|— 6.0 |— 4.4 |+1.6 |+ 5.2 |—6.10 — 3.9 |— .47/4+ .10)— 4.5 3.7 |—2.21 
Average monthly.|— 2.0 |— 1.46/+ .5 |+ 1.7 |—2.08 — 1.3 |— 1.564 .03)— 1.5 |— 1.23 — .73 
Of month containing 
critical period..--.-- — 1.8 |— 3.2 |— .2 0 |-5 |—56.6\/—2 |— 1.13\— 2.6 — 1.10 —2.26 
| 
1904. 
Ochoben ney Shee es: pea Ss el || I ne | | | a el ape [pean Fo IES es 
INovembers> a2. 52 5-os-re Jeet ra yon Olina ee oe aneson| Ses euso seco |scosene Joseenes|eocese 
Mecemiber :2-- =e. Sac -2 | ae pele: eu at l ——SNOn Sade = BaQe ee so ea|e > cee | ao oee ee [Pe oy eames | Nem sap 
UBIGURI Dee 5 See ee oo aeeeses i— l.lj— .9/— .4|— 2.6|4+ .1/—4.2)—2.5|—3 |— 4.8|— 6.9 |_..... 
he bruUaiy scans te + 5.4 |+ 5.6 142.6|— .2]41.7|—48|/—5 |— 8.8 |— 8.3 |— 8.8 ]_..... 
WERO te SooueeoaeeeEonmee ae Ie cb yap Be) arch @ ae PAB Geb se 2oGb lee se Os@) ae oil i= oe} ooo ce 
ANT OH See pee ee eeces oes Bem i— 1.1 |\— 2.4 |—4.9 |— 6.4 |-3.7 |— 5.2 |— 3.6|/— 4 |—4.8|/—6 |...... 
WER) eee So ae aa eee lees Sere — 1.6|—2.5|—1.9|— .6|/— .8 Oba cee S| On| — alee eee 
li Cae Sena ee erssclot Shcis secre eoeersl ets eee —2.8 |— 2.5 |— 2.4 |— 1.7 |— 1.9 |— 2.4 |...-.. 
Ur ype eee Ae. a SE ESB eeIes sec ase ScSasel Sadagse |aeared leseemee — 3.7 |— 3.6 |— 3.6 |— 3.4 |...--- 
Departure from normal: 
Accumulative...-----|+ 6.1 |+ 5.6 |— .30)—13.6 |+ .3 |—19  |—14.2 |—13.4 |—23.9 |—28.7 |—8. 67 
Average monthly. .... i+ .87/+ .8 |— .04/— 1.9 J4 .04)— 2.7 |— 2.02)— 1.91)/— 3.42)— 4.1 |—1. 23 
Of 3 crop months— 
Accumulative -...|+10.2 |+ 1.9 |—2.5 |— 5.8 |—3.77)/— 8.5 |— 6.10/— 4.50/— 6.10/— 6.20)/—3.11 
Average monthly.|+ 3.4 |+ .6/— .8 |— 1.9 |—1.25)— 2.8 |— 2.03)\— 1.5 |— 2.03 — 2.06)—1.03 
Of month containing 
critical period. ----.-| — 1.1 |— 1.6 |—2.5 |— 1.9 |—2.8 |— 2.5 |— 3.70/— 3 Dae 3. 60, — 3.40) —2. 67 


1 Accurate detailed records of relative humidity for this region during the years under consideration are 
not available, and tabulations are therefore omitted. 
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Taste VII.—Temperature record showing the average monthly departure (in degrees 
Fahrenheit) from normal in several States in 1903, 1904, and 1905—Continued. 


1905. 
Eee | | 
| Ne- | | South North | — 

Okla- | Kan- Mis- Fn} Min-  Wis- | Aver- 
Month. | T°X8S-| homa. sas.  souri. ee Towa. | ey poe nesota. consin.| age. 

ks | | | | 
Octoberss. 2422 a= Fo ee, Bere ee see! epee Mone een a aha Bonenas SoGsaas lseeccc 
Novyember5) 25 a) 2 Se Pee nie eee as i eee ee Sg yee et [822 a al ee eae a 
Decembets: 20-2 = See == .- B28 FE SS O29 F OS a ee ee (ee 
JaAnGary=—e oo eee — 3.5 |— 7.8 |—8.2 |— 7.5 |—5.7 |— 7 |— 5.8 |— 5.3 |— 5.5 |— 6.8 }|___.-- 
Hepruary=>- s2-22-2 = —10 —10.4 |—8.8 |— 8.6 |—6.8 |— 6.8 |— 2.9 |— 1.4|—1.9|— 45 |-_-___-- 
Marchesa oe = Se eee I+ 3.5 |+ 5.5 |+8.5 |+ 7.8 |+8.2 |4+ 9.1 |4+10.7 |4-14.5 |4+ 7.4 |4+ 4.2 ].____- 
April. 2 eee ee eee =o 1 or i eal ts ot a] ee eter 1s ee 
May << Joe) pee esto + .2|-1L1)+ .1/-34|-21|/-44/—28|-35|- 29] 00 
June F222 ee Se ee | eee mes a ahi Se ee | 
July. 252.222 Sek eee ee eee eee cote Se Pee eee i— 3.5 |— 2.7 |— 2.3 |— 2.1 ]__._-- 

Departure from normal: _ | 

Accumulative. -.-.-.. —11.5 |—12.7 |—8.6 |— 4.4 —9.20— 8.40 — 9.9 |— 2.2 |— 9.3 |—15.6 |—9.18 
Average monthly..... i— 1.64,— 1.81 —1.22— .62,—1.31,— 1.20 — 1.42, — .31/— 1.32, — 2.22)/—1.31 

Of 3 crop months— | | 
Accumulative --..|— 8.5 |+ 3.50/+5.90)+ 7.8 |— 4.20 —-10.2|-—9 |—7.6/— 6.2 aes 
Average monthly.)}— 2.83)+ 1.16,+1.96+ 2.60 —2.26— 1.40 — 3.4)|— 3 |— 2.53, — 2.06|—1.17 

Of month containing | | 

critical period.----- is 2 + .20—1.1/4+ .10— .50— .30— 3.5 |— 2.7 |— 2.3 — 2.1 |—1.42 


The temperature records (Table VII) for this region for the 
7-month period preceding harvest and the plotted monthly mean 
departure from normal (fig. 2) show that in 1903 the average monthly 
temperature for the 7-month period varied less than one-half a degree 
F. from normal in all States except Missour1 and Wisconsin, where 
temperatures were high, and in Nebraska, where temperatures were 
low, the average for the whole region being 0.12 degree F. above 
normal (#). In 1904 temperatures were subnormal in all States 
except Texas, Oklahoma, and Nebraska, and strikingly so in lowa, 
North Dakota, South Dakota, Minnescta, and Wisconsin, the average 
for the region being 1.23 degrees below normal (Z). In 1905 tem- 
peratures were again generally subnormal, but not to such an extent 
over the five last-named States as in 1904, although the general 
average below normal was slightly greater in 1905 than in 1904 (1). 
in considering the 3-month period before and during the heading of 
the grain it is seen that in 1903 the average monthly temperatures 
were subnormal, with the exception of Kansas, Missouri, and North 
Dakota, averaging 0.73 degree F. below normal (1); that these 
temperatures were more subnormal in 1904 than in 1903, with the 
exception of Texas and Oklahoma, averaging 1.03 degrees below 
normal (Q); that they were again subnormal in 1905, but more 
irregularly so than in 1904, with a general average slightly greater 
than that of 1904 (P). In considering the month embracing the 
critical period it is seen that temperatures were subnormal with 
striking regularity over the entire region in 1904, averaging over 24 
degrees below normal in Nebraska and Iowa, almost 34 degrees in 
Tigernut and over 34 degrees in South Daleara North acces and 
Minnesota, with a ceneral average of 2.67 degrees below ae (2). 
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The temperatures in 1903 (Q) and 1905 (S) were also subnormal 
during the critical period, but with much greater irregularity and not 
to such an extent as in 1904. 

To recapitulate, it is seen that although the general average 


of temperatures for 
the whole area for 
the 7-month and 3- 
month periods in 
1903, 1904, and 1905 
were not much dif- 
ferent, still in those 
States where the rust 
attack was most se- 
vere in 1904, namely, 
North Dakota, South 
Dakota, Minnesota, 
Jowa, and Wisconsin, 
temperatures for the 
7-month period aver- 
aged generally much 
lower in 1904 than 
in 1905, and for the 
3-month period aver- 
aged about the same 
as in 1905. During 
the 1-month period 
temperatures were 
consistently subnor- 
mal in 1904, averag- 
ing 2.67 degrees be- 
low normal for the 
whole region; tem- 
peratures were 34 de- 
erees below normal 
over South Dakota, 
North Dakota, Min- 
nesota, and Wiscon- 
sin, this average be- 
ing considerably 
lower than that of 
either 1903 or 1905. 
Jt is seen, then, that 
the unusually low 


AVERAGE 
AREA. 


Fig. 2.—Temperature chart, showing average monthly departure 
from normal in several States in 1903, 1904, and 1905. XX, Normal 
line for a 7-month period preceding the maturity of the grain; X’, 
normal line for a 3-month period preceding the maturity of the 
grain; X’’, normal line for 1 month including the heading period; 
K, N, and Q, lines for 1903; L, O, and R, for 1904; and M, P, and 
S,for 1905. The lines show departure of temperature from normal 
during the periods indicated, respectively, the distance between two 
adjacent horizontal lines representing 1 degree F. 


temperature over this region was a very 


important factor, if not the determining factor, for the prevalence 
of rust in 1904. Low temperatures made the crop as a whole late. 
88550°—Bull. 216—11—— 
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Growth was slow and the heading period was delayed and length- 
ened. The low night temperatures with abundant dews remaining 
late in the morning were most favorable for spore germination and 
infection of the growing grain, and a severe rust attack was the 
result. That rusts were also severe in parts of South Dakota and 
North Dakota in 1905 was to be expected from the low temperatures 
that also prevailed during that year in those States throughout the 
growing and heading period. 


PREVENTION OF RUSTS. 


In view of the almost universal distribution of rusts, the great 
variety of rust forms, their complicated life histories and relation- 
ships, the ease with which they are distributed, the apparent absence 
of any weak point in their life history, and the great influence of 
climatological conditions upon their development, it would seem that 
there is but little chance to control these fungi or to prevent losses 
caused by them from year to year. The worker on rusts from an 
economic standpoint has kept persistently at it, however, and inves- 
tigations along many lines have been made, a few of which seem to 
give some promise of success in the future. Three main lines of 
experimentation have been pursued. These are (1) experiments in 
spraying, (2) experiments with soil treatments, and (3) experiments 
in the selection and breeding of varieties resistant to the disease. <A 
comprehensive survey and treatment of these subjects must be 
reserved for the future, but a few of the more important points will 
be mentioned. _ 

SPRAYING EXPERIMENTS. 


Some of the first spraying experiments for rust prevention in this 
country were made by Kellerman and Swingle, in Kansas, in 1891 
(61, p. 90). Two varieties of spring wheat, Fife and Bluestem, six - 
varieties of barley, and one variety of oats were used in the experi- 
ment. The fungicides employed were flowers of sulphur, potassium 
sulphid, chlorid of iron, and Bordeaux mixture. Spraying was 
begun when the plants were 2 to 3 inches high and was repeated 
every eight days, on an average, for 11 successive times. Rains 
were unusually abundant during the season. Rust appeared plenti- 
fully on the sprayed plats and apparently no beneficial results fol- 
lowed the application of the fungicides. Pammel (82, p. 329) made 
similar experiments with ammoniacal carbonate of copper and Bor- 
deaux mixture. Three applications were made, but were “entirely 
useless.”” Galloway (53, p. 198), in 1891-92, performed spraying 
experiments at Garrett Park, Md. He used a variety of spraying 
solutions, among which were Bordeaux mixture, ammoniacal copper 


carbonate, ferrous ferrocyanid, copper borate, ferric chlorid, ferrous 
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sulphate, cupric ferrocyanid, cupric hydroxid, potassium sulphid, 
flowers of sulphur, and sulphosteatite powder. Treatments were 
given when the plants were 2 to 4 inches high in the fall and con- 
tinued until May 16—seventeen treatments in all. 

In June, in spite of all these treatments, ‘‘not a leaf could be found 
that did not show the fungus.” The treatments, furthermore, had 
no appreciable effect on the yield. Under Galloway’s direction, 
Swingle performed similar experiments in Kansas the same year 
with Bordeaux mixture, ammoniacal copper carbonate, and potas- 
sium sulphid. In his experiments ‘‘Bordeaux mixture did to a 
considerable extent prevent rust, but the other preparations had 
little or no effect on the disease. In no case did the prevention of 
rust affect the yield to any appreciable extent.”” At Rockport, Kans., 
the same year, Bartholomew practically duplicated the Maryland 
experiments under Galloway’s direction. Bordeaux mixture seemed 
to have a fairly good effect, and Bartholomew concluded that ‘‘while 
no plat was entirely free from rust it is nevertheless a fact that the 
ravages were reduced to a minimum on the 10-day plats sprayed 
with Bordeaux mixture and ammoniacal solution of copper car- 
-bonate.’”’ In summing up all of these experiments, Galloway con- 
cluded ‘‘that the spraying treatments did, in some cases at least, 
diminish the amount of rust and similarly increased the yield of 
straw and grain.’ Even with the most improved spraying methods 
known at that time Galloway believed spraying would be imprac- 
ticable on a large scale. That there was a possibility of making it 
practicable in the future was conceded. Hitchcock and Carleton 
further carried on spraying experiments in Kansas in 1893 and 1894 
(58, pp. 4-9). They used a large number of spraying solutions. Some 
of these, particularly potassium bichromate and ferric chlorid, were 
somewhat effective in preventing rust, but the investigators found 
it impossible to cover the foliage sufficiently to make them thoroughly 
efficient. They concluded that ‘‘although the rust can be largely 
decreased, we can not attain prevention as is done in such diseases 
as the grape mildew. Furthermore, it is extremely doubtful if 
spraying of wheat or oats would pay, even if effective.” 

Since these extensive spraying experiments very little work along 
this line has been done in the United States, although more or less 
desultory trials have been made. The trouble at all times in spraying 
for rust has been the impossibility of getting a spraying solution 
that will cover all parts of the leaves evenly. The more or less waxy 
bloom which occurs on the leaves of cereals causes the moisture to 
drop off very easily, and it is almost impossible with any kind of 
spraying apparatus to wet both surfaces of the leaves equally well. 
The areas to be covered are so extensive that the expense of spraying 
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would be very high. It would seem, however, that with modern 
machinery and the many and varied formule for spraying solutions 
in existence, interesting results might be obtained with further spray- 
ing experiments; particularly would this be true in the case of pre- 
vention of stem rust of wheat (Puccuma graminis), as we now know 
the critical period for its attack, namely, the heading time of the 
grains. It would seem possible to limit spraying operations to this 
period, particularly in years when it falls in a prolonged cold season, 
thus concentrating the spraying operations. Even under these 
conditions there is considerable doubt that spraying would ever be 
of practical value in preventing rust, but the possibilities justify 
further experiments. 

The literature on spraying experiments for the prevention of rusts 
in foreign countries is extensive and can not be reviewed in this 
bulletin for want of space. Within the knowledge of the authors, 
no such experiments have been successful from an economic stand- 
point, though a few have shown some promise. 


SOIL AND SOIL TREATMENTS. 


That an excess of some elements in the plant food may predispose 
a plant more or less to an attacking disease, or that an excess of some 
other elements may have the opposite effect, rendering the plant 
more resistant, has not been firmly established. On the contrary, 
Ward (100, p. 138) has performed experiments to show that nutrition 
alone does not make for or against predisposition or immunity on 
the part of the host or virulence or impotence on the part of the 
parasite. That cereals will absorb sufficient quantities of any ele- 
ment originally in the soil, or which has been applied as fertilizer, 
to render them resistant to rust attack is thus problematical. If 
this were possible it would be a difficult matter to explain just how 
this resistance 1s obtained, whether from changed physiology, modi- 
fied morphology of the host, or from some toxic effect against the 
fungous parasite. We know, for instance, that excess of certain salts 
in the soil will change not only the morphology but the physiology 
of cereals. Harter (54, p. 134) has shown that wheat plants grown 
in soils made saline by the addition of 0.7 to 1.4 per cent of sodium 
chlorid ‘‘modified their structure by depositing bloom on the leaf 
surface, by thickening the cuticle, and by reducing the size of the 
epidermal cells.” In other words, the plants assumed xerophytic 
characters. Physiologically, transpiration was decreased in plants 
on soil sufficiently saline to cause increase in thickness of the cuticle, 
and was increased in plants in soil containing soluble salts in pro- 
portions too small to affect the measurements of the cuticle. 


Although, as will be discussed later, Ward has shown that the 
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morphology of grains has little or no effect upon the resistance, physi- 
ological effects, such as described, undoubtedly will influence the 
general resistance or predisposition of plants to disease in some degree, 
the extent of which has not yet been determined. Experiments in soil 
treatments for disease prevention have, however, been made from 
time to time, a few of which will be cited. 

In 1891-92 Galloway (53, p. 208) at Garrett Park, Md., treated 
the soil with various chemicals, among which were flowers of sulphur, 
air-slaked lime, ferrous sulphate, Bordeaux mixture, potassium 
sulphid, ammoniacal copper carbonate, and potassium bichromate 
in various quantities and proportions. No practical results were 
apparent, and he concluded that ‘‘m no case did these chemicals 
have any appreciable effect on the prevalence of rust.” On the 
other hand, Petermann (83, p. 15) claims that wheat on land fer- 
tilized with superphosphate rusted badly, while wheat under similar 
conditions, but manured with Martin slag (a commercial fertilizer), 
remained almost rust free. He was inclined to believe that the 
silicic acid present in the fertilizer was an effective agent in preventing 
rust. 

Further experiments on the effect of fertilizers on crops, both in 
the United States and in Europe, have been exceedingly numerous in 
the last few years, but very little careful attention seems to have been 
given to their effect on cereal diseases. General observations have 
been made, however, and it is now well established that where there 
is an excess of nitrogen in the soil, other things being equal, grains 
are more severely attacked by rust than crops on soil containing less 
mitrogen (28, p. 659; 60, p. 245; 76, pp. 72, 73; 95, pp. 263-270). 
Where barnyard manure has been applied heavily the result is simi- 
lar, and where grains are grown after a crop of clover, beans, or 
vetch, rusts may be expected. In fact, it may be generally stated 
that where soils are rich in nitrogen, producing rank and succulent 
plant growth, rust attacks will, as a rule, be most severe on account 
of increased succulence of the plants, increased rankness of growth, 
delay in drying out after showers and dews, and slight delay in the 
ripening period. On the other hand, phosphate of lime tends to 
shorten the ripening period and thus acts as a rust preventive to 
some extent. Careful observations and experiments along this line 
in the future should give both interesting and valuable results. Care 
should be taken, however, to differentiate the results in experiments 
on fertilizers with relation to rust resistance of cereals. In general, 
a rust attack is most virulent on a healthy plant. This is particu- 
larly true of succulent plants in thick stands. As delay in ripening 
and other effects may also be produced by fertilizers, their relation- 
ship to the rust must be carefully kept in mind. The effect of such 
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results on the rust attack might easily be erroneously attributed to 
the action of certain chemical constituents of various fertilizers on 
the rust itself. It seems probable that this is the case in ‘the above- 
cited results attributed to nitrogen-bearing fertilizers, viz, that the 
fertilizer produced a very luxuriant growth on which the rust attack 
would naturally be virulent. | 


RESISTANT VARIETIES. 


CAUSES OF RESISTANCE. 


That some plants are far more resistant to the attacks of parasitic 
fungi than otners of the same genus or species has long been noticed, 
and that this holds true with respect to grains is well established. 
Some remarkably rust-resistant wheats, such as the durums and the 
primitive einkorn wherever grown, Extra Squarehead in Sweden, 
American Club in England, and Rerrarf and Ward’s Prolific in Aus- 
tralia, are well known. Some of thesé varieties, however, can not 
be said to be universally rust resistant. as one variety may be resist- 
ant to one or more species or biologic forms of rust in one country 
but will not necessarily hold the same balance toward other forms of 
rust, or in another country (51, p. 36; 39, pp. 340, 341; 44, p. 249; 
43, pp. 141-144; 75, p. 27; 30, pp. 59, 602 23) pp. 661. 662)=.. nus. 
for instance, Squarehead is more resistant toward Pucewnia glumarum 
in Sweden than toward Puccimia triticina, and Rerrarf, while very 
resistant in Australia, breaks down completely in North Dakota. 
Numerous instances of this kind might be cited. 


It has not yet been established to what character of the plant this 


elusive and seemingly erratic resistance is due. From a large num- 
ber of inoculation experiments with the brown rust of bromes and 
from detailed histological investigations of the hosts, Ward (98, p. 
303) found that there is absolutely no relation between differences 
in the morphology of the brome varieties expressed in length of hairs, 
number and size of stomata, thickness of epidermis, etc., and rust 
resistance. He concluded: 


Resistance to infection of the immune or partially immune species and varieties 
is not to be referred to observable anatomical or structural peculiarities, but to inter- 
nal, 1. e., intraprotoplasmic properties beyond the reach of the microscope and simi- 
lar in their nature to those which bring about the essential differences between species 
and varieties themselves. : ‘ 

In the study of resistant and nonresistant wheats the same author 
(102, pp. 38, 39) showed that rust spores germinate on both suscep- 
tible and resistant varieties and gain entrance to them through 
stomata, but in the resistant varieties further progress is checked by 
the rapid deterioration and collapse of host cells around the entering 
fungus, while in the nonresistant varieties the host cells remain turgid 
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and healthy for a long time, giving abundant nourishment to the 
parasite. Marryat (70, pp. 129-137) had similar results in working 
with two wheats, American Club, a resistant wheat, and Michigan 
Bronze, a highly susceptible variety. She concluded: 

We are forced to fall back upon the theory that immunity to disease is due in these 
cases to the production of certain toxins and antitoxins by host or parasite, or both, 
which are mutually destructive. 

Salmon (91, p. 88), working on the barley mildew, was similarly 
led to believe that disease resistance is due to physiological and not 
structural peculiarities. Bolley (26, pp. 180-182) is not certain 
whether disease resistance is due to structural or physiolovical char- 
acters, but believes it to be due to the latter, from having been able 
to develop resistance in every strain of potatoes, flax, or wheat with 
which he has worked. He further maintains: 


Under uniform conditions of rust infection, all wheats rise rapidly to a stage of 
marked resistance to general uredospore infection, whether caused by Puccinia grami- 
nis or P. rubigo-vera, which resistance seems to be characteristic for each variety 
concerned * * * . The facts point quite clearly to the probable influence of 
chemical agencies, perhaps toxins, arising from the direct existence of fungous attacks 
upon the hosts. In my mind there is not the slightest doubt but such attacks origi- 
nate heritable resistance. 

Biffen (16, p. 128), after making numerous hybrids between varie- 
ties resistant and susceptible with respect to rusts and studying the 
first and second generations, concluded that “immunity is independ- 
ent of any morphological character.’’ Orton (81, p. 457), in analyz- 
ing the nature of resistance of varieties, similarly concluded that 
“resistance is due to a specific protective reaction of the host cell 
against the parasite.’’ To whatever the resistance may be due in 
the last analysis, it seems to be a peculiar, delicately balanced con- 
dition of the host against specific parasites, a balance which is not 
maintained in the same way toward any two species or varieties and 
which may be easily upset by change in environment of the host. 


SELECTION AND BREEDING OF RESISTANT VARIETIES. 


It has long been known that disease resistance is inheritable to a 
greater or less degree, and on this basis selection of resistant varieties 
and strains has been going on for some time. Biffen (15, p. 40; 16, 
pp. 109-128) has recently brought forth experimental results to prove 
that resistance and susceptibility of cereals to rust are Mendelian 
characters and are inherited in Mendelian proportions. He collected 
a large number of wheat and barley varieties of various degrees of 
resistance to the three rusts, Puccinia glumarum, P. graminis, and 
P. triticina, common in England, and then made crosses between 
resistant and susceptible varieties. The hybridizing was done in 1904, 


and results of growing these in 1905 and 1906 were reported. With 
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regard to yellow rust, he found that on crossing susceptible and 
resistant varieties the offspring was susceptible. Upon self-fertiliza.. 
tion of these susceptible individuals, resistant and susceptible descend- 
ants were produced in the proportion of one of the former to three of 
the latter, that is, resistance was recessive to susceptibility, the 
degree of susceptibility being variable. When the degree of suscep- 
tibility differed in the two parents the hybrid resembled the more 
susceptible parent in that respect. More important still, the rela- 
tively resistant forms bred true to these characters in the succeeding 
generations. Bolley (27, pp. 182, 183), from several years’ work in 
the selection and breeding of flax and wheat resistant to wilt and 
rust, respectively, came to similar conclusions, and in addition 
believes that unit characters of resistance may be originated even 
from a very susceptible variety by gradually subjecting the crop to 
disease from year to year. He maintains that these characters may 
later be inheritable. 

The authors have been engaged in similar work since 1907, but 
sufficient results have not yet been obtained to pronounce definitely 
on the question of the application of Mendelian laws to resistance to 
rust in these experiments. Detailed results of this work are reserved 
for future publication. 


METHODS USED IN SELECTION AND BREEDING. 


From the foregoing it will be seen that there are three methods in 
use for the development of rust-resistant grains through selection and 
breeding. (1) A careful testing and selection of pure varieties to 
determine which are already resistant;:(2) selection of the best 
individuals or bulk selection from some strain or variety from year 
to year under fairly constant disease conditions in the belief that 
disease resistance is accumulative; (3) hybridizing of desirable 
varieties with some variety of known resistance and selecting the 
resistant plants. 

The first method is absolutely necessary before the third can be 
applied, while the second is possible for any worker along this line at 
any time. 

In breeding for resistance to almost any disease, in order to insure 
rapid progress, the disease must be present every year in sufficient 
virulence to affect the crop under trial with more or less severity. Cer- 
tain diseases, particularly rust, occur in epidemical proportions only 
at irregular intervals. This not only delays results in nonepidemical 
years but disturbs them in other ways. To overcome these objections, 
diseases must be promoted yearly on the breeding grounds in every 
possible way. In order to do this, special breeding plats are employed 
If one is working for resistance to flax wilt, the breeding plat must be 
on flax-sick soil; if for drought resistance, on ground particularly 
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subject to drought; and for rust resistance, on ground where a rust 
epidemic can be insured. In the case of rust these conditions can be 
promoted in several ways: (1) By keeping the breeding plats on fairly 
low ground, where moisture is plentiful but not excessive and where 
dews remain as long as possible; (2) by planting barberries around or 
through the plats when breeding for resistance to Puccinia graminis, 
or by planting buckthorns when breeding for resistance to P. coro- 
nata; (3) by planting winter grains at intervals through the plat 
where spring grains are being bred (since the rusts, as a rule, occur 
earlier on the winter than on the spring grains); (4) and most impor- 
tant, by collecting zcidio or uredospores in water and spraying on 
the plants with hand or knapsack sprayers during the evenings at the 
period when the grains are most susceptible. All of these methods, 
or modifications of them, are now in use by Bolley (25, p. 48; 27, pp. 
177-182), in North Dakota; by Biffen, in England (16, p. 112), at 
the. Cawnpore Agricultural Experiment Station, in India (55, pp. 
54-57); and have been employed since 1907 by the Office of Grain 
Investigations in cooperation with the Minnesota Agricultural 
Experiment Station. In Minnesota the authors have established a 
plat where a very virulent rust attack was obtained, even in the sea- 
son of 1909, in which no stem rust appeared in any of the fields in its 
vicinity and in which only local infections were reported throughout 
the spring-wheat States. 

Breeding of this kind is extremely important and should be carried 
on by agronomists and plant pathologists at every experiment sta- 
tion where conditions are such that rust epidemics may occur at any 
time. To be effective, it must be extensive and must be persistently 
employed. 

SUMMARY. 

(1) Rusts are among the most serious diseases of grains in the 
United States, causing an estimated annual loss of fifteen to twenty 
million dollars. In 1904, in the three States, Minnesota, North 
Dakota, and South Dakota, the loss due to rusts, conservatively esti- 
mated, was as high as $10,000,000. 

This paper deals only with the rusts of the small-grain crops, wheat, 
rye, oats, and barley, including Puccima graminis, P. rubigo-vera 
tritici, P. rubigo-vera secalis, P. coronata, and P., simplex. 

(2) Practically all these rusts are coextensive with their hosts in 
the United States, but are not serious in all localities. In general, the 
areas most affected are the valley of the Mississippi and its tributaries 
and certain coastal areas. In some years even the drier areas may be 
affected. 

The stem rust of wheat is of great importance in the hard winter 
and the hard spring wheat belts, is frequent in Washington and Oregon, 
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~is almost always virulent on the coast of California, and is severe and 
frequent in the southern half of Texas. The epidemic of 1904 was 
prevalent throughout the entire Mississippi Valley, extended into the 
wheat fields of the Canadian Northwest, and even invaded the dry lands. 

Leaf rust of wheat is also coextensive with the wheat crop and is 
more common in many districts than stem rust. It occurs yearly 
over the eastern half of the United States. The losses caused by it 
are not comparable to those caused by stem rust. 

Stem and leaf rusts of oats are coextensive with the oat crop. 
They usually occur together and are abundant east of the dry belt of 
the Great Plains region, are paramount in importance in the South- 
ern States, and extend north to the Canadian border and even beyond. 

Stem rust of barley is practically coextensive with barley, but is 
not often present in sufficient quantity to do serious damage. 

Leaf rust of barley seems to be of recent introduction. It is eco- 
nomically one of the least important of the grain rusts. 

Stem rust of rye is probably widely distributed in small quantities 
and is fairly common, but causes little injury. 

Leaf rust of rye is widely distributed and very abundant, but 
causes little damage, as the rust is closely confined to the leaves and 
the rye matures too early to be appreciably damaged. 

(3) Botanical characteristics, life histories, and physiological spe- 
cializations of parasitic fungi may vary with the geographical distri- 
bution. European and American forms may be apparently identical 
morphologically, but are not necessarily identical in their life histo- 
ries or physiological specialization. 

That stem rusts on wheat, rye, oats, and barley, both in Europe and 
America, may produce their ecidia on barberry has been proved, but 
that they always do so and can not live for more than one season with- 
out passing on to barberry is disproved by experiment. _ 

The ecidial stage of leaf rust of wheat is not known either in 
Europe or in this country. The uredo stage exists through the winter 
months, and the rust may live independent of an ecidial stage. 

The ecidial stage of the crown rust of oats occurs in Europe on 
Rhamnus frangula L. and R. cathartica L. and in the United States on 
R. lanceolata Pursh., R. caroliniana Walt., and R. cathartica. 

The ecidial stage of the leaf rust on rye occurs in Europe on 
Anchusa officinalis Li. and Lycopsis arvensis L. It is believed that 
the European and American forms are identical. 

The ecidial stage of the leaf rust on barley is not known for Europe 
or America. This rust seems not to have been previously reported 
in this country. 

Rusts exhibit great variety in regard to complexity of life histories; 
some are confined to a single host species, some range over two or 
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more species of one host genus, while others range over two or 
more genera and often on different tribes of the same family. What 
appear to be the same forms macroscopically and microscopically are 
often physiologically different, and may consist of a large number of 
strains or varieties conveniently called biologic forms. This fact 
accounts, to a large extent, for the differences in results obtained by 
American and European investigators working on what are appar- 
ently the same species. 

In an attempt to break down the barriers between biologic forms 
the writers have been able to transfer rusts in the uredo stage as fol- 
lows: Stem rust of wheat (Puccinia graminis tritici) from wheat to 
wheat, rye, and barley, but not to oats; from wheat to barley and 
then to wheat and rye; and from wheat to barley successively three 
times and then to oats. Stem rust of barley (P. graminis horde) 
from barley to barley, oats, rye, and wheat; from barley to wheat 
and then to barley, wheat, oats, and rye; and from barley to rye, to 
barley, and then to wheat, oats,andrye. Stem rust of rye (P. graminis 
secalis) from rye to rye and barley; from rye to barley and then to 
barley, oats, and rye; and from rye successively to barley, to barley, 
and to rye. Stem rust of oats (P. graminis avenae) from oats to oats 
and barley, but not to wheat or rye. Leaf rust of wheat (P. rubigo- 
vera tritict) from wheat to wheat, rye, and barley. Leaf rust of barley 
(P. sumplex) from barley to barley only. Leaf rust of rye (P. rubigo- 
vera secalis) from rye to rye only. Leaf rust of oats (P. coronata) 
from oats to oats and barley, but not to wheat or rye. 

There is a measurable difference in size between the uredospores of 
the stem rust on wheat and the stem rust on barley. In continuous 
culture experiments of wheat stem rust on barley and barley stem 
rust on wheat, the uredospore of the wheat stem rust approached the 
uredospore of the barley stem rust in size and the barley stem rust 
approached the wheat stem rust in size. 

The following points in regard to biologic forms of rusts of cereals 
may be emphasized: (1) The stem rusts on wheat, barley, rye, and 
oats are undoubtedly biologic forms of the same species, Pucciunia 
graminis Pers.; (2) these forms are not entirely confined to their 
hosts, but vary in range in part according to the host plants they have 
been recently inhabiting; (3) the leaf rusts on wheat and rye are more 
highly specialized than the corresponding stem rusts; (4) the stem 
rust on barley has ordinarily the widest, while the leaf rusts on barley 
and rye have the most restricted range; (5) under favorable conditions 
all the stem rusts can be carried successfully to the four cereals; (6) 
when rusts are transferred to uncongenial hosts, if pustules are pro- 
duced they are small and weak; (7) two biologic forms may inhabit 
the same cereals without being identical; (8) by gradual variation 
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and adaptation to varying conditions a rust species widely distributed 
may form a number of strains or types, differing in physiological 
reactions; (9) the host plants exercise a strong influence not only on 
the physiological and biological relationships but in some cases even 
on the morphology of the uredospore. 

(4) Rust life histories were very incompletely understood up to 
1864-65, when De Bary demonstrated the hetercecism of Puccinia 
gramvms Pers., but numerous citations in literature show that bar- 
berries in proximity to grainfields had long been believed harmful. 
From 1865 life-history work on the Uredinez has made rapid strides 
and the relationships of many European and American forms of rusts, 
particularly those of P. graminis, have been demonstrated. 

Whether or not the ecidium is an essential stage in the life history 
of rusts has long been questioned. Many authors believe it serves to 
reinvigorate the fungus, and this view has been strengthened since the 
recent discoveries of cell fusions and the origin of the binucleated 
condition in the ecidium of various rust species. 

To test this invigoration theory continuous culture experiments 
from the uredospore of six different grain rusts were undertaken by 
the writers and 52 successive uredo generations of each rust grown 
without the intervention of any other spore form. At the end of 
these experiments cultures were as easily made and the rusts grew 
as luxuriantly as at the first inoculation. For this length of time, 
at least, there is no need for a sexual generation. 

(5) Whether or not rusts live over winter in the uredo stage has 
been a mooted question. Investigators in Germany, Denmark, 
Sweden, England, and the United States have investigated this 
problem for different rusts with various results. In the United States 
it has been demonstrated by several investigators that forms of 
Puccvrma gramims and P. rubigo-vera live over winter in the uredo 
stage. These results have been reenforced by experiments cited in 
this bulletin, and the possibility of wintering of the uredo of several 
rusts in the northern latitudes of the United States has been shown. 

(6) Rusts in the uredo or ecidial stages are present in different 
parts of the country at all times. Like dust particles, which have been 
proved to be carried hundreds of miles by air currents, these rust 
spores may be carried from regions where they are plentiful to regions 
where grain is in a receptive condition. : 

That large quantities of rust spores are present in the air at various 
times has been proved by various investigators and by the writers. 

(7) A severe rust epidemic was prevalent in the important wheat 
States of the Mississippi Valley in 1904. In an analysis of the 
climatological conditions of this region for the years 1903, 1904, and 
1905, during the critical or heading period of the grain and during 
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the 3-month and 7-month periods preceding narvest, it is seen that 
1905 had more precipitation than 1903 or 1904; the relative humidity 
was greater in 1905, but the average temperature, though about the 
same for the 7-month and 3-month periods during the 3 years, 
averaged 2.67 degrees subnormal over the whole area in 1904 
during the month containing the critical period. It was 34 degrees 
below normal in South Dakota, North Dakota, Minnesota, and Wis- 
consin, the region most affected by rust in 1904. This average was 
considerably lower than that of the same period in 1903 and 1905 
over the same area. It is believed that this unusually low tempera- 
ture in 1904 was a very important factor, if not the determining 
factor, for the rust epidemic of that year. 

(8) Spraying experiments for the prevention of rusts have been 
vried from time to time by various investigators, but for the most 
part without satisfactory results. There is doubt that spraying will 
ever be of practical value for rust prevention, but as the critical 
period for wheat, with regard to the attack of stem rust, is now 
known, further spraying experiments limited to this period may give 
valuable results. 

That excess of some elements in the plant food may predispose a 
plant to disease or render it more resistant has not been firmly estab- 
lished. That indirectly it will have some influence, by affecting either 
the physiology or the general growth of the host plant, is very 
probable. 

Where soils are rich in nitrogen, other conditions being eal, rust 
attacks are, as a rule, most prevalent. 

Pagnecironentte in el treatments for disease prevention have been 
made by various investigators, but no very practical results have 
been reported. This field of work is promising and should be further 
investigated. 

Some plants are more resistant to attacks of parasitic fungi than 
others, and it has not yet been definitely established to what character 
in the plant this resistance is due; but most authorities agree that 
resistance is due, as a rule, not to morphological but to physiological 
characteristics. 

Disease resistance is inheritable to a greater or less degree, and 
Biffen has brought forth experimental results to show that resistance 
and susceptibility of cereals to rust are Mendelian characters. 
Other investigators have reached similar conclusions. 

There are three methods in use for developing rust-resistant grains 
through selection and breeding: (1) Testing and selection of pure 
varieties to determine which are resistant; (2) selection of the best 
individuals, or bulk selection from some strain or variety from year 
to year under fairly constant disease conditions; (3) hybridizing of 
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desirable varieties with some variety of known resistance, and select- 
ing the resistant plants. _ 

In breeding for resistance to disease, the disease must be present 
every year. Rust occurs in epidemical proportions only at irregular 
intervals, and, therefore, in order to breed for resistance to rust 
special breeding plats must be employed, where the disease can be 
produced yearly by conditions particularly favoring its propagation. 
Wherever efficient breeding of rust-resistant cereals is to be done, 
such a breeding plat is absolutely necessary. 
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